
Third Edition, 2010

Nutrition Interventions
for Children with Special
Health Care Needs





Nutrition Interventions for Children With Special Health Care Needs 

Nutrition Interventions for Children 
with Special Health Care Needs

3rd edition, 2010

DOH 961-158  April 2010

  To order this report, please visit the Washington State Department of Printing 

Fulfillment Center:

https://fortress.wa.gov/prt/printwa/wsprt/default.asp 

  For persons with disabilities, this document is available on request in other 

formats. To submit a request, please call 1-800-525-0127  

(TDD/TTY 1-800-833-6388).

Mary Selecky

Secretary of Health



Nutrition Interventions for Children With Special Health Care Needs



Nutrition Interventions for Children With Special Health Care Needs 

Editors
Yuchi Yang, MS, RD, CD
Nutrition Consultant
Children with Special Health Care Needs Program
Washington State Department of Health
Olympia, Washington

Betty Lucas, MPH, RD, CD
Nutritionist
Center on Human Development and Disability
University of Washington
Seattle, Washington

Sharon Feucht, MA, RD, CD
Nutritionist
Center on Human Development and Disability
University of Washington
Seattle, Washington

Authors 
Laili Abd Latif, MS, RD, CD
Nutritionist, Benton Franklin Health District, Kennewick, Washington

Lori S. Brizee MS, RD, CSP, LD  
Central Oregon Nutrition Consultants, Bend, Oregon

Susan Casey, RD, CD
Clinical Dietitian, Seattle Children’s Hospital, Seattle, Washington

Elaine Cumbie, MA, RD, CD, CDE
Clinical Dietitian, Seattle Children’s Hospital, Seattle, Washington

Sharon Feucht, MA, RD, CD
Nutritionist, Center on Human Development and Disability, University of 
Washington, Seattle, Washington

Robin Glass, MS, OTR, IBCLC
Occupational Therapist, Seattle Children’s Hospital, Seattle, Washington

Kathryn L. Hunt, RD, CD
Clinical Dietitian, Seattle Children’s Hospital, Seattle, Washington

Nancy James, RD, CSP, CD
Clinical Dietitian, Sacred Heart Children’s Hospital, Spokane, Washington

Kelly A. Johnson, Ph.D.
Clinical Psychologist, UW Autism Center, Center on Human Development & 
Disability, University of Washington, Seattle, Washington

Naomi Katsh, MD
Pediatrician, Everett, Washington



Nutrition Interventions for Children With Special Health Care Needs

Kay Kopp, OTR/L
Occupational Therapist, Center on Human Development and Disability, 
University of Washington, Seattle, Washington

Betty Lucas, MPH, RD, CD
Nutritionist, Center on Human Development and Disability, University of 
Washington, Seattle, Washington

Melissa Mortensen, MS, RD, CSP, CD 
Clinical Dietitian, Seattle Children’s Hospital, Seattle, Washington

Beth Ogata, MS, RD, CSP, CD
Nutritionist, Center on Human Development and Disability, University of 
Washington, Seattle, Washington

Donna Parsons, MS, RD
Nutritionist, Office of the Superintendent of Public Instruction, Olympia, 
Washington

Annette Pederson, MS, RD, CD 
Nutrition Support Dietitian, LifeCare Solutions, Richland, Washington

Peggy Solan, RD, CD
Clinical Dietitian, Seattle Children’s Hospital, Seattle, Washington

Roseann Torkelson, MS, RD, CD
Nutritionist, Center on Human Development and Disability, University of 
Washington, Seattle, Washington

Cristine Trahms, MS, RD, CD, FADA
Senior Lecturer, Division of Biochemical Genetics, Department of Pediatrics, 
University of Washington, Seattle, Washington

Kathleen Washington, PT, PhD 
Physical Therapist, Center on Human Development and Disability, University 
of Washington, Seattle, Washington

Lynn Wolf, MOT, OTR, IBCLC
Occupational Therapist, Seattle Children’s Hospital, Seattle, Washington

Joan Zerzan, MS, RD, CD
Clinical Dietitian, University of Washington Medical Center, Seattle, 
Washington

Advisory Committee (original edition)
Lori Brizee, MS, RD, CSP, CD

Lisa Campo, MPH, RD, CD (deceased)

Sharon Feucht, MA, RD, CD

Betty Lucas, MPH, RD, CD

Maria Nardella, MA, RD, CD

Beth Ogata, MS, RD, CSP, CD



Nutrition Interventions for Children With Special Health Care Needs 

Contents
Acknowledgements  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xi

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xiii

Section 1: Determination of Nutrition Status

Chapter 1 Nutrition Screening and Assessment . . . . . . . . . . . . . . . . . . . . . . . 1

Chapter 2 Anthropometrics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

Chapter 3 Physical Activity  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

Section 2: Problem-Based Nutrition Interventions

Chapter 4 Breastfeeding  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

Chapter 5 Medication-Nutrient Interactions . . . . . . . . . . . . . . . . . . . . . . . . . 59

Chapter 6 Nutrition Interventions for Constipation . . . . . . . . . . . . . . . . . . . . 71

Chapter 7 Nutrition Interventions for Diarrhea  . . . . . . . . . . . . . . . . . . . . . . 81

Chapter 8 Oral-Motor Feeding Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

Chapter 9  Behavior Issues Related to Feeding . . . . . . . . . . . . . . . . . . . . . . 101

Chapter 10 Enteral Feeding (Tube Feeding) . . . . . . . . . . . . . . . . . . . . . . . . . 121

Chapter 11 Community Monitoring of the Patient on Home Parenteral  

 Nutrition  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

Chapter 12 Accommodating Special Dietary Needs in the School System . . . . 137

Section 3: Condition-Specific Nutrition Interventions

Chapter 13 Nutrition Interventions for Overweight and Obesity . . . . . . . . . . . 143

Chapter 14 Nutrition Interventions for Failure to Thrive . . . . . . . . . . . . . . . . 149

Chapter 15 Nutrition Interventions for the Premature Infant After Discharge  . 165

Chapter 16 Nutrition Interventions for Respiratory Diseases . . . . . . . . . . . . . 177

Chapter 17 Nutrition Interventions for Cystic Fibrosis  . . . . . . . . . . . . . . . . . 191

Chapter 18 Nutrition Interventions for Congenital Heart Disease . . . . . . . . . . 203

Chapter 19 Nutrition Interventions for Chronic Renal Failure . . . . . . . . . . . . . 215

Chapter 20 Nutrition Interventions for Short Bowel Syndrome  . . . . . . . . . . . 227

Chapter 21 Nutrition Interventions for Metabolic Disorders . . . . . . . . . . . . . . 237

Chapter 22 Ketogenic Diet for Seizure Disorders . . . . . . . . . . . . . . . . . . . . . 247

Chapter 23 Nutrition Interventions for Autism Spectrum Disorders . . . . . . . . .263



Nutrition Interventions for Children With Special Health Care Needs

Appendices

Appendix A  Sample Screening Forms  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .275

Appendix B Sources of Anthropometric Equipment . . . . . . . . . . . . . . . . . . . .279

Appendix C Head Circumference (Nellhaus) – Boys . . . . . . . . . . . . . . . . . . . .281

Head Circumference (Nellhaus) – Girls

Appendix D Incremental Growth Charts – Boys  . . . . . . . . . . . . . . . . . . . . . .283

Incremental Growth Charts – Girls

Appendix E Parent-Specific Adjustment for Evaluation of Length and  

Stature – Boys  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .291

 Parent-Specific Adjustment for Evaluation of Length and  

 Stature – Girls

Appendix F Percentiles for Triceps Skinfold  . . . . . . . . . . . . . . . . . . . . . . . . .299

 Percentiles of Upper Arm Circumference

 Percentiles for Estimates of Upper Arm Fat and Upper Arm  

 Muscle Area

Appendix G Physical Growth in Males with Achondroplasia . . . . . . . . . . . . . . .303

 Physical Growth in Females with Achondroplasia

Appendix H Growth References for Children with Quadriplegic Cerebral  

 Palsy – Boys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .311

 Growth References for Children with Quadriplegic Cerebral 

Palsy – Girls

Appendix I Boys with Down Syndrome, Physical Growth: 1 to 36 Months . . . .319

 Girls with Down Syndrome, Physical Growth: 1 to 36 Months

 Boys with Down Syndrome, Physical Growth: 2 to 18 Years

 Girls with Down Syndrome, Physical Growth: 2 to 18 Years

Appendix J IHDP Growth Percentiles: LBW Premature Boys . . . . . . . . . . . . . .327

 IHDP Growth Percentiles: LBW Premature Girls

 IHDP Growth Percentiles: VLBW Premature Boys

 IHDP Growth Percentiles: VLBW Premature Girls

Appendix K Prader Willi Syndrome – Stature: Males 3 to 25 Years  . . . . . . . . .335

 Prader Willi Syndrome – Stature: Females 3 to 25 Years

Appendix L Girls with Turner Syndrome: Physical Growth 2 to 19 Years  . . . . .339

Appendix M Williams Syndrome – Stature, Males  . . . . . . . . . . . . . . . . . . . . .341

 Williams Syndrome – Weight, Males

 Williams Syndrome – Stature, Females

 Williams Syndrome – Weight, Females



Nutrition Interventions for Children With Special Health Care Needs 

Appendix N Technical Aspects of Enteral Feeding  . . . . . . . . . . . . . . . . . . . . .345

Appendix O Technical Aspects of Parenteral Nutrition . . . . . . . . . . . . . . . . . . .369

Appendix P Diet Order for Meals at School, Sample Forms . . . . . . . . . . . . . . .375

Appendix Q IEP Nutrition Related Goals and Objectives . . . . . . . . . . . . . . . . .377

Appendix R Table of Selected Disorders Affecting Children with Special  

 Health Care Needs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .379

Appendix S  Commercial Nutrition Products  . . . . . . . . . . . . . . . . . . . . . . . . .385

Appendix T  Increasing Energy Density of Infant Formula . . . . . . . . . . . . . . . .397

Appendix U  Nutrition Resources for Children with Special Needs . . . . . . . . . . . 403

Glossary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 407

Index. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .415



Nutrition Interventions for Children With Special Health Care Needs



Nutrition Interventions for Children With Special Health Care Needs i

Acknowledgements

There are several key groups who made this third edition of the Nutrition 

Interventions for Children with Special Health Care Needs possible. 

We would like to thank the authors who contributed their time and expertise to 

update the information and references. We offer our deepest appreciation for the 

contribution of editors who have spent hours attending to the many details. Thanks 

also to registered dietitians who have reviewed and provided comments on this 

edition. We would also like to extend our appreciation to registered dietitians and 

others who worked on the first and second editions. 

The CSHCN Program deserves acknowledgement for supporting staff that had 

continual involvement in this project. The Washington WIC Program provided the 

funding for closure on the project, including the final printing and CDs. WIC must 

also be acknowledged for its key role in the distribution of the resource to WIC 

Clinics throughout Washington State and for its consistent integration of information 

from this resource into statewide training plans and curriculum for community-based 

WIC nutritionists.

This project was undertaken to meet the needs of nutritionists serving children with 

special health care needs in Washington, but we know there will be interest from 

others around the country. We are happy to add this book to the national pool of 

resources for providers working with children with special health care needs and 

hope that others continue to do the same. 

Lastly, we acknowledge the users of this resource who will have a critical role in 

implementing the nutrition intervention strategies outlined in the book to improve 

the nutritional status of children with special health care needs. We would also like to 

extend our appreciation to our colleagues from other disciplines and caregivers with 

whom we work as partners to help children with special health care needs reach their 

full potential.



ii Nutrition Interventions for Children With Special Health Care Needs



Nutrition Interventions for Children With Special Health Care Needs iii

Introduction
Maria Nardella
Updated by Yuchi Yang

Background
The original edition of Nutrition Guidelines for Children with Disabilities and Chronic 

Illnesses was published in 1989 in response to an assessment of needs for nutrition 

services in Neurodevelopmental Centers and local health departments throughout the 

state of Washington. 

The primary users in Washington were members of a statewide network of registered 

dietitians/nutritionists who provide services to children with special health care 

needs. In 1996, this group was surveyed to determine how useful the book still was 

as a resource and if there was enough interest and need to warrant a revision. The 

overwhelming results were to initiate a revision process. 

An Advisory Committee was formed and a part time Coordinator/Editor was hired to 

revise and expand the 1989 version. It was intended to be a contribution to existing 

tools and nutrition resources for dietetic practitioners that serve to guide or define 

the provision of nutrition care for children with special health care needs in multiple 

service settings. It was an expensive endeavor even though hundreds of hours of 

work were generously donated by the 30 unpaid authors of the various chapters and 

their employers. It took four years to complete (2001), and the name of the new 

publication was changed to “Nutrition Intervention for Children with Special Health 

Care Needs.” In 2002, a second edition and second printing was done which included 

minor corrections and additions. 

New Edition
For the past few years, the CSHCN Program has received numerous requests for 

a new edition. The work on the third edition was initiated in 2008. Again, many 

authors, editors and reviewers have come forward and contributed their expertise 

and donated hundreds of unpaid hours for the completion of the third edition. 

This edition includes three new chapters, which makes the publication more 

comprehensive. These chapters include breastfeeding, physical activity, and autism 

spectrum disorders.
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Population
“Children with special health care needs” refers to children with or at increased risk 

for a broad range of chronic illnesses or disabling conditions who require intervention 

beyond basic, routine, pediatric care. 

Organization of the Book
The book is divided into three sections.

Section 1 “Determination of Nutritional Status” outlines the recommended 

procedures for nutrition screening, and assessment; and addresses the prerequisite 

steps to take in the development of a nutrition intervention care plan.

Section 2 “Problem-Based Nutrition Interventions” addresses the nutrition-related 

problems that are more common across a wide range of diagnoses.

Section 3 “Condition-Specific Nutrition Interventions” addresses nutrition 

management related to specific diseases and disorders that have strong nutrition 

components.

Intervention strategies with evaluation/outcomes are presented in each chapter 

based on the following screening and assessment components:

• Anthropometric

• Biochemical

• Clinical/Medical history

• Dietary

• Feeding

• Socioeconomic characteristics

Each chapter contains a “Nutrition Interventions” table that addresses steps to take 

in assessment, appropriate interventions to consider, and achievable outcomes. 

Some material is intentionally repeated in the summary table for each chapter, 

recognizing that users of this book may want to utilize individual chapters as “free 

standing” documents. This is also why references are included with each chapter 

versus one list at the end of the book.

Lastly, there is an extensive Appendix that provides more detailed supportive 

information for the topics presented in the earlier sections and includes many useful 

tools.
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It is hoped that this book will enhance the development of the following skills: 

• Comprehensive nutrition assessment

• Nutrition assessment of abnormal growth patterns

• Advanced nutrition assessment and counseling for special diets

• Appropriate uses of special formulas

• Interpretation and application of objective data 

• Development of nutrition intervention strategies to produce outcomes

• Participation as a team member to provide interdisciplinary care

Most nutrition and feeding problems of children with special health care needs can be 

improved or controlled, but often are not totally resolved. These children will require 

ongoing and periodic nutrition assessment and intervention. This book is a resource 

that will be needed time and again.
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Section 1 - Determination of Nutrition Status

Chapter 1

Nutrition Screening and assessment
Janet Gilliam, MS, RD, CD and Sandi Laney, RD, CD
Updated by Roseann Torkelson, MS, RD, CD

Nutrition disorders and compromised nutritional status are common among children 

with special health care needs. As many as 40% of infants and children with special 

health care needs are at nutritional risk (1). A survey of children from birth to age 

three years with developmental delays in early intervention programs found 70-

90% had one or more nutrition risk indicators (2). Indicators of nutritional risk 

include altered growth, increased or decreased energy needs, medication-nutrient 

interactions, metabolic disorders, impaired ability to utilize nutrients, poor feeding 

skills, and partial or total dependence on enteral or parenteral nutrition (1). A well-

nourished child has increased alertness and stamina to participate in therapies, 

educational activities, and social interactions and benefits from fewer illnesses and 

improved coping skills. Improved nutritional status and feeding skills may increase 

the level of independence the child is able to achieve. It can improve the child’s 

perception of self and the caregivers’ perceptions of their abilities to meet the child’s 

needs (2).

Screening and assessment of nutritional status are integral components of pediatric 

health care (3). Screening is a preliminary survey of factors associated with 

nutritional status that is undertaken to identify infants and children who appear to 

have nutrition problems or who are at risk for developing a nutrition problem (4). 

Nutrition screening should be routinely performed for all children with special health 

care needs. Screening provides general information that can be used in the more 

comprehensive Nutrition Care Process of nutrition assessment and diagnosis, leading 

to nutrition intervention, monitoring, and evaluation (5). 

Nutrition Screening
Nutrition screening has a variety of functions, requirements, and benefits. Screening 

consists of the collection of preliminary data in one or more of the following 

categories:

• anthropometric parameters

• clinical (medical history and diagnosis)

• biochemical laboratory data
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• diet

• developmental feeding skills

• behavior (related to feeding)

• socioeconomic characteristics

The screening activities in each of these categories are described in Table 1-1.

Nutrition screening can be effective without including all the categories or all 

suggested data within a category. The screening protocols must be adapted to the 

setting and according to staff availability and other resources (6). Nutrition screening 

should be brief and easy to administer. Parent-administered questionnaires and/

or interview methods can be effective tools for obtaining screening data. Screening 

can be successfully completed by a variety of individuals such as the parent or 

caregiver, public health nurse (PHN), clinic nurse, therapist, social worker, family 

resource coordinator (FRC), primary care provider (PCP), registered dietitian (RD), 

or dietetic technician (DTR). Nutrition screening can be incorporated into initial 

early intervention screenings so that concerns can be identified and referred for an 

assessment. Infants and children need to be screened on a regular basis to monitor 

growth and nutritional status over time. Sample screening forms are included in 

Appendix A.

When a child is identified as having one or more nutritional risk indicators, referral 

for nutrition assessment with an RD is needed. Nutrition risk indicators need to be 

clearly defined to avoid over-identification or under-identification of those at risk. 

Refer to Table 1-1 for examples of risk indicators and sample criteria. In addition 

to red flags identified by nutritional risk indicators, parental concerns should be 

carefully listened to and considered. 

Nutrition Assessment
Once a nutritional risk indicator is identified through screening, a nutrition 

assessment serves to obtain all information needed to rule out or confirm a nutrition-

related problem. Nutrition assessments should be completed by an RD, preferably 

with pediatric expertise and/or specialized training for children with special health 

care needs and developmental disabilities.

Nutrition assessment consists of an in-depth and detailed collection and evaluation 

of data in the following areas: anthropometrics, clinical/medical history, diet, 

developmental feeding skills, behavior related to feeding, and biochemical laboratory 

data (2). During the assessment, risk factors identified during nutrition screening are 

further evaluated and a nutrition diagnosis can be made. The assessment may also 

reveal areas of concern such as oral-motor development or behavioral issues that 
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require referral for evaluation by the appropriate therapist or specialist. The nutrition 

assessment is one of the essential elements of a comprehensive interdisciplinary 

team evaluation and intervention plan. Table 1-2 provides parameters for completing 

nutrition assessments and indicators for nutrition intervention.

Nutrition Intervention
Planning and providing nutrition care and intervention for children with special health 

care needs is often complex because many factors interact to affect nutritional 

status. Optimal nutrition care involves consultation and care coordination with 

professionals from a variety of disciplines. The interdisciplinary team may consist of 

the child and family, PCP, occupational therapist (OT), physical therapist (PT), speech 

language pathologist/ therapist (SLP), RD, behavior specialist, social worker, PHN, 

and home health care providers. Other community agencies such as schools, early 

intervention programs, hospitals, specialty clinics, the Special Supplemental Nutrition 

Program for Women, Infants and Children (WIC), Head Start, day care, Division of 

Developmental Disabilities, and Child Protective Services may also be involved. 

The team approach consists of professionals working in a family-centered partnership 

to coordinate services and provide continuity of care for the child and family. With 

input from team members, a specific plan of nutrition intervention is developed. The 

nutrition intervention step of the Nutrition Care Process should be culturally-sensitive 

and have a preventive emphasis. Nutrition care goals and objectives (or outcomes) 

can become a part of the child’s Individual Education Plan (IEP) or Individualized 

Family Service Plan (IFSP) (See Chapter 12). Reassessment should occur at regular 

intervals to monitor the child’s nutrition status, and evaluate the effectiveness of the 

nutrition intervention. Based on the reassessment, nutrition goals and objectives 

may be modified to meet the needs of the child and family (5).
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CHAPTER 2

Anthropometrics
Karen Murphy, MS, RD, CD
Updated by Sharon Feucht, MA, RD, CD

The term anthropometry refers to comparative measurements of the human body. 

The primary measures used as indices of growth and development include stature 

(length or height), weight, and head circumference (for young children). The 

secondary measures used to estimate body composition include triceps skinfold 

thickness, subscapular skinfold thickness, and mid-upper arm circumference. Growth 

is an important index of a child’s nutritional status and should be monitored on a 

regular basis.

Stature (length or height), weight, and head circumference are typically evaluated 

by comparing individual measurements to population data, represented by percentile 

curves on a growth chart. Current charts for assessment of growth have been 

constructed from cross-sectional studies in which large numbers of healthy children 

representing the racial and ethnic diversity of the US were carefully measured 

at various ages and the data ranked in percentiles. These charts are intended as 

clinical tools to assess nutritional status and general health of infants, children, 

and adolescents. To assess and monitor the nutritional status of a child with special 

health care needs who does not necessarily meet the criteria of the growth charts, 

it is necessary to carefully evaluate a pattern of measurements obtained at regular 

intervals. The CDC Growth Charts: United States are currently in use in the United 

States (1).

For the typically developing child, atypical growth is suspected when height or 

weight for age is either below the 5th percentile or above the 95th percentile, and 

when weight for height, weight for length, or body mass index (BMI) is below the 

10th percentile or above the 90th percentile. The CDC suggests using BMI for age 

percentiles to identify atypical growth (<5th percentile to indicate underweight, 

>85th percentile to indicate risk of overweight, and >95th percentile for overweight) 

(1). The more recent work from the Expert Committee recommend that 85-94% be 

identified as overweight and >95th percent be identified as obese (2).

For the child with special health care needs, these parameters may not be reliable 

indicators of atypical growth. However, they are useful in screening for children 

who are at risk for growth problems. For some children with special health care 
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needs, poor growth or excessive weight gain must be confirmed with longitudinal 

measurements and, in many cases, additional anthropometric parameters to 

estimate body composition. Furthermore, the growth patterns characteristic of the 

particular disease or disorder and the child’s growth history must be considered.

For anthropometric parameters to be valid indices of growth status, they must be 

highly accurate. This requires precise measurement techniques. Appropriate use of 

growth charts requires that measurements be made in the same manner in which 

the reference data were secured (3,4). In order to measure a child accurately, 

the individual performing the measurement must be properly trained, and reliable 

equipment must be available. For some children with special health care needs, 

it can be challenging to make accurate measurements because of factors such as 

contractures and low muscle tone.

This chapter provides information on recommended equipment and measuring 

techniques including special considerations for obtaining measurements from the 

child with special health care needs. Guidelines for measuring and interpreting 

length, crown-rump length, height, sitting height, arm span, mid-parent height, 

weight, BMI, head circumference, triceps skinfold, mid-upper arm circumference, 

and subscapular skinfold are also provided. The concepts of growth as an index of 

nutritional status and ideal body weight (IBW) are also discussed. Information on 

specific equipment is listed in Appendix B. Measurement techniques, equipment 

required, advantages, and limitations are summarized in Table 2-1.

Primary Measures

Head Circumference (3,4)

Head circumference is an important 

screening tool in infants and young children 

because it is closely related to brain growth. 

A rapid increase in the rate of growth 

may indicate hydrocephalus. A decrease 

in the rate of head growth may indicate 

a developmental delay. Decreases in the 

rate of head growth have been seen in 

children who are severely undernourished. 

Children with slow head growth frequently 

have poor linear growth as well. Head 

circumference should be measured routinely 

Figure 1. Measuring Head Circumference
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until at least 36 months of age. Parental head circumferences of infants whose head 

circumferences are atypical should also be measured, as head circumferences of 

parents and their offspring are typically closely associated. The proper technique for 

measuring head circumference is shown in Figure 1.

Equipment and technique for measurement of head 
circumference

1. Use a flexible, non stretchable measuring tape.

2. Position the child standing or in a sitting position in the lap of her caregiver. 

Remove any barrettes or braids in the child’s hair.

3. Place the lower edge of the measuring tape just above the child’s eyebrows, 

above the ears, and around the occipital prominence at the back of the child’s 

head.

4. Pull the tape snugly to compress the hair. The objective is to measure the 

maximal head circumference.

5. Read the measurement to the nearest 0.1 cm or 1/8 in.

6. Repeat the measurement twice or until two measurements agree within 0.2 

centimeter (cm) or 1/4 inch (in).

7. Record the numeric value and plot it on the appropriate growth chart.

8. If the measurement appears larger or smaller than expected when plotted, 

check the accuracy of plotting and recheck the measurement. If there is a rapid 

increase in the child’s head circumference, she should be seen by her physician.

Guidelines for Interpretation of Head Circumference

The CDC percentiles for head circumference for children ages 0 to 36 months are 

the most readily available, as they are printed with the CDC percentiles for length, 

weight, and weight for length. However, the Nellhaus head circumference percentiles 

may be more useful for some children because they include percentiles for children 

ages 0 to 18 years and were developed from international, interracial data (See 

Appendix C) (5). Premature infant growth charts include percentiles for head 

circumference as well as for length and weight (See Appendix J). When monitoring 

head growth, it is important to consistently plot measurements on the same chart 

and to look for consistent patterns in head growth.
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Stature (Length and Height)

Stature is measured in two ways: recumbent length for the child younger than 36 

months of age and standing height for children older than 24 months (4). Alternative 

measurements (e.g., crown-rump length, sitting height, and arm span) can also 

provide information about a child’s stature.

Contractures about the hips, knees, and ankles can interfere with an accurate 

stature measurement. Crown-rump length or sitting height measurements are 

often useful estimates of stature for children with contractures of the lower body. 

These measurements will not correlate directly with height or length, but can 

indicate a child’s rate of growth when plotted on CDC growth charts. Although the 

measurements will be below the 5th percentile for age, they will show whether or 

not the child is following a consistent growth curve. The stature of children with 

involvement of the lower body only (e.g., some children with myelomeningocele) 

can be estimated by using arm-span measurements. However, for children with 

contractures of the upper extremities such as in cerebral palsy, accurate arm span 

measurements are also difficult (6). For those children who have contractures of 

the arm, tibia length, though less accurate, is sometimes used with a formula to 

estimate stature (7).

Length

For children who are younger than 24 months of age and children 24 to 36 months 

of age who are unable to stand independently, measure recumbent length. Older 

children who are unable to stand may also be measured in the recumbent position; 

however, it should be noted on the growth chart that the measurement is length, not 

height.

Equipment for Length Measurement

In order to have accurate recumbent length measurements, it is important to have 

a good quality length-measuring device. The infant length board should have a fixed 

headboard and a movable footboard that are perpendicular to the surface on which 

the child is lying. A measuring tape, marked in millimeters or 1/8 inch segments, 

is needed along one or both sides of the table, with the zero end at the end of the 

headboard (3,4). The required features of an infant length board are shown in Figure 

2. The proper technique for measuring length is shown in Figure 3.
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Technique for Length Measurement (3,4)

Clothing that might interfere with an accurate measurement, including diapers, 

should be removed. Two people are required to measure length accurately as shown 

in Figure 3.

Person A

1. Hold the child’s head with the crown 

against the headboard so that the child 

is looking straight upward.

2. Make sure that the trunk and pelvis 

are aligned with the measuring device.

Person B 

1. Straighten the legs, holding the ankles 

together with the toes pointed directly 

upward.

2. Move the footboard firmly against the soles of the child’s feet.

3. Read the measurement to the nearest 0.1 cm or ⅛ in.

4. Repeat the measurement until two measurements agree within 1 cm or 1/4 in.

5. Record the numeric value and plot length for age on the 0 to 36 month growth 

chart appropriate for age and sex.

Figure 2. Infant Length Board

Figure 3. Measuring Infant Length
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Technique for Length Estimation: Crown-Rump Length

Use the same equipment and 

technique as that described for 

measuring length, except bend the 

child’s legs at a 90-degree angle, 

and bring the footboard up against 

the buttocks. The proper technique 

for measuring crown rump length is 

shown in Figure 4.

Height

Children 2 to 3 years of age may be 

measured either in the recumbent or 

standing position, depending on their 

ability to stand unassisted. It is important to plot standing height measurements on 

the growth charts for 2 to 20 year olds, because the percentiles are adjusted for the 

difference between recumbent length and standing height. Children over 3 years of 

age who are able to stand should be measured standing.

Equipment for Height Measurement

Use a measuring board with an attached, 

movable headboard (stadiometer). If this 

is not available, use a non stretchable tape 

measure attached to a vertical, flat surface 

like a wall or a door jam with no baseboard 

and equipment that will provide an accurate 

right angle to actually take the measurement. 

The movable measuring rod that is attached 

to a platform scale is too unsteady to ensure 

accurate measurements. The features of an 

accurate stadiometer are shown in Figure 5. 

Technique for Height 
Measurement (3,4)

Two people may be required for accurate 

measures of younger children, however, 

usually only one measurer is required for 

compliant older children.

Figure 4. Measuring Crown-Rump Length

Figure 5. Stadiometer



Nutrition Interventions for Children With Special Health Care Needs 19

Section 1 - Determination of Nutrition Status

1. Measure the child with underclothes only, if possible, or with non-bulky clothing 

and no shoes.

2. Have the child stand with heels together and touching the floor, knees straight, 

arms at sides, shoulders relaxed, and shoulder blades, buttocks, and heels 

touching the wall or measuring surface.

3. Have the child look straight ahead with her line of vision perpendicular to the 

body.

4. Lower the headboard or right angle onto the crown of the child’s head.

5. Read the measurement to the nearest 0.1 cm or 1/8 inch. When reading, make 

sure your eyes are level with the headboard.

6. Repeat the measurement until two measurements agree within 1 cm or 1/4 in.

7. Record the numeric value and plot height for age on the appropriate growth 

chart.

Technique for Stature Estimation: Sitting Height

Use the same equipment as that described 

for measuring standing height, except have 

the child sit on a box of known height and 

subtract the height of the box from the 

measurement obtained. The box should be 

high enough so that the child’s legs hang 

freely. Sitting height should not be measured 

with the child sitting on the floor or on a box 

with legs extended outward in a 90˚ angle 

(3). The proper techniques for measuring 

sitting height are shown in Figure 6.

Technique for Stature Estimation: 
Arm Span (7)

Arm span is defined as the greatest distance 

between the tips of the extended middle 

fingers of the right and left hands when the 

arms are fully extended to the sides at right 

angles to the body and the back is straight. Measurement of the arm span is useful 

for estimating the stature of persons with lower extremity contractures or lower body 

Figure 6. Measuring Sitting Height



20 Nutrition Interventions for Children With Special Health Care Needs

Chapter 2 - Anthropometricss

paralysis. For the typically developing child over age six, the ratio of arm span to 

height has been found to be 1:1. This may not be the case for the child with special 

health care needs; however, monitoring an individual’s arm span measurements over 

time can provide some information about growth.

Arm span is not an adequate substitute for stature in persons with contractures of 

the upper extremities (e.g., in spastic quadriplegia) because these individuals cannot 

fully extend their arms and fingers. Also, arm span cannot accurately estimate 

stature in young children (younger than 5 to 6 years) because the proportions of 

limb length and trunk length to total body length are different for younger than older 

children.

Equipment for Arm Span Measurement

Arm span measurements are made with an anthropometer, a stainless steel 

detachable rod approximately seven feet long with etched gradations to 0.1 cm or 

1/8 inch and one movable sleeve (7). The proper technique for measuring arm span 

is shown in Figure 7.

Technique for Arm Span Measurement

Two people are needed to 

measure arm span

Person A

1. Have the child sit in an 

erect position with arms 

outstretched.

2. Hold the fixed end of the 

anthropometer at the tip of 

the middle finger of one of 

the child’s hands.

Person B

1. Position the sleeve at the tip of the middle finger of the child’s other hand with 

the anthropometer going across the child’s back.

2. Have the child stretch her arms while the movable sleeve is adjusted to the 

maximum arm span.

Figure 7. Measuring Arm Span with Anthropometer
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3. Repeat the measurements until two measurements agree within 0.1 cm or 1/8 

inch.

4. Record the actual numeric value, and plot as height for age on the appropriate 

growth chart. On the chart, note that arm span was the technique used to 

estimate stature.

Weight

Infants and toddlers less than 12 kg or 25 lbs can be accurately weighed on an infant 

scale. An accurate measure of weight is critical—it is more valuable to obtain an 

accurate bi-annual weight than a series of inaccurate monthly weights.

Equipment for Weight Measurement

Use a calibrated beam balance scale with non-detachable weights or a digital scale 

with a “strain-gauge” mechanism. To weigh infants and young children who cannot 

stand, use a pan-type or bucket seat-type pediatric scale that is accurate to within 

0.01 kg or ¼ oz. For older children who can stand, use a platform beam scale, or an 

electronic scale that is accurate to within 0.1 kg or ¼ lb. Do not use a spring type 

bathroom scale which, with repeated use, will not maintain the necessary degree of 

accuracy. For children who are too large for the infant scale, but cannot stand, use a 

platform scale on which a wheelchair can be placed, or a bed scale. Since this type 

of specialty scale is not available in many communities, it can be difficult to regularly 

monitor the weight of children with special health care needs. An alternative is to 

weigh the child’s caregiver holding the child, weigh the caregiver alone, and subtract 

the caregiver’s weight from the weight of 

both individuals. If this method is used, it is 

important to note this on the growth chart. 

If the child can sit independently, but is not 

able to stand, use a chair scale.

Frequently check and adjust the zero 

weight on the beam scale by placing the 

main and fractional sliding weights at their 

respective zeros and moving the zeroing 

weight until the beam balances at zero. If 

a pad or diaper is used to make the pan 

more comfortable, place it in the pan before 

the zero adjustment is made; otherwise, 

the weight of the pad or diaper must be 

subtracted from the weight of the child each Figure 8. Scales
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time a measurement is made. At least two or three times per year have the accuracy 

of the scale checked with a set of standard weights by a local dealer or an inspector 

of weights and measures. Equipment for measuring weights is shown in Figure 8.

Technique for Weight Measurement (3,4)

Infants

1. Remove the infant’s clothing and diaper.

2. Center the infant in the scale tray.

3. Weigh infant to the nearest 0.01 kilogram (kg) or ½ ounce (oz).

4. Repeat the measurement until two measurements agree to within 0.1 kg. or ¼ 

pound (lb).

5. Record the numeric value and plot weight for age and weight for length on the 

appropriate growth chart(s).

6. Record any information about conditions that might have interfered with an 

accurate weight measure (e.g. infant was moving).

Children (able to stand)

1. Weigh the child with only lightweight undergarments or a hospital gown and no 

shoes.

2. Have the child stand in the center of the scale’s platform touching nothing and 

with heels together.

3. When the child is standing still, read the scale to the nearest 0.1 kg or ½ oz.

4. Repeat the measurement until two measurements agree to within 0.1 kg or 1/4 

pound. 

5. Record the numeric value and plot weight for age and weight for height on the 

appropriate growth chart(s).

6. Record any information about conditions that might have interfered with an 

accurate weight measure (e.g. child was moving). 
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Guidelines for Interpretation of Length, Height, and Weight

Various growth charts have been developed from reference data for length, height, 

and weight. The growth charts produced by the Centers for Disease Control (CDC) 

are the reference used for growth assessment in the United States. There are 

separate charts for girls and boys ages 0 to 36 months; they include weight for age, 

recumbent length for age, and weight for length. There are also separate growth 

charts for girls and boys ages 2 years to 20 years that include weight for age, height 

for age, weight for height (for children 77-121 cm only), and BMI for age. These 

charts are most useful if measurements are accurately obtained and plotted on a 

regular basis so that the child’s growth pattern can be observed.

Information about the CDC 2000 growth charts and downloadable versions of the 

charts can be found on the CDC website (8). The 0-36 month charts are based 

primarily on data from the third National Health and Nutrition Examination Survey 

(NHANES III 1988-94) and represent the racial/ethnic diversity of the US. The data 

set includes both formula-fed and breastfed infants, and data collection methods 

were standardized. Values from preterm and very low birth weight (VLBW) infants 

were not included. The revised charts for 2-20 year olds are based on data from 

the five previous NHANES data, and also represent the racial diversity of the US. 

NHANES III data was not used for weight and BMI for age percentiles for children 

over age 6 years because of the trend toward obesity in this age group.

On the CDC 2000 charts, Body Mass Index (BMI) replaces the weight for stature 

curves for children over age 2 years. A separate weight for height chart is available 

for children 77-121 cm tall (approximately 2-5 years of age). Charts that include the 

3rd and 97th percentiles for weight and stature for age are also available. An 85th 

percentile line has been added to the BMI for age chart to aid in assessing risk of 

overweight.

The World Health Organization (WHO) has produced global child growth standards for 

infants and children up to the age of 5 years. These charts vary from the CDC charts 

in that the WHO charts describe how children should grow (prescriptive) regardless 

of time and place. The CDC charts describe how children do grow (descriptive) in 

a particular time and place. Currently in the United States there is no definitive 

recommendation to use the WHO charts to evaluate growth. Several groups are 

evaluating use of these charts in the United States (9).

Body Mass Index (BMI) (8,10,11,12)

Body mass index (BMI) is a calculation that is used to assess obesity in children over 

2 years of age. It has been recommended as a non-invasive and clinically convenient 
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measure. BMI is expressed as a ratio of weight in kilograms to height in meters 

squared:

BMI = weight in kilograms

  (height in meters)2

OR

BMI  = (weight in kilograms)  ÷  (height in meters)  ÷  (height in meters)

BMI can also be calculated using English units (8):

BMI = [Weight (pounds)  ÷  Height (inches)  ÷  Height (inches)] x 703

The calculated BMI adds a useful dimension to the assessment of body composition 

if accurate stature (length or height) and weight measurements are obtained. This 

index of weight relative to length or stature can be used to monitor changes over 

time. With this addition, clinicians can compare a child’s BMI to the BMI of her peers. 

Because growth parameters change, no single BMI is ideal during childhood and 

adolescence.

Incremental Growth Charts

Incremental growth charts used with charts for weight and stature can be helpful 

in assessing deviations in growth and response to intervention (9,10). These charts 

show changes in growth velocity over a 6 month period and are more sensitive 

to deviations in growth than charts with length or height and weight attained. For 

example, a child weighing 7 kg at 12 months of age and 8.8 kg at 18 months plots 

below the 5th percentile for weight for age on the CDC charts, but shows a growth 

velocity near the 90th percentile. This child, although below the 5th percentile for 

weight for age, is demonstrating rate of weight gain that is faster than the mean. 

Copies of incremental growth charts are provided in Appendix D (13).

Specialty Growth Charts

Growth charts for premature infants that attempt to reflect intrauterine growth 

rates have been produced by several different researchers; each set has benefits 

and drawbacks. However, instead of premature infant charts, many practitioners 

use the CDC growth charts and correct for the child’s prematurity. It is important 

to document that measurements of age are corrected for prematurity. It is best to 

continue to correct for prematurity until the child’s growth is plotted on the charts for 

2-20 year olds.
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Other growth charts that are useful in assessing growth are those for children with 

Down syndrome, William’s syndrome, cerebral palsy (quadriplegia only), Turner 

syndrome, achondroplasia and charts for measuring crown rump and sitting height. 

(See Table 2-2). These charts should be used as an additional tool for interpretation 

of growth after data have been plotted on the CDC charts. They are based on the 

growth of small groups of children with specific disorders and do not necessarily 

reflect ideal rates of growth. Many children with Prader Willie syndrome now receive 

growth hormone beginning as early as 6 months of age. The Prader-Willi growth 

charts do not reflect growth patterns in those children with PWS who receive growth 

hormone. 

Charts and tables available for interpretation of growth of children with special health 

care needs, as well as the advantages and limitations of these charts and tables are 

summarized in Table 2-2. Copies of these charts are included in Appendices G-M.

Midparent Height

Adjustment of length or height to reflect parental stature may help to explain 

unexpected growth. These adjustments help remove the influence of genetics from 

the child’s measurement and make it easier to recognize potential growth problems. 

Tables of adjustment have been developed based on the research of Himes, Roche, 

and Thissen (14). Midparent height adjustments should be applied when the child is 

below the 5th percentile or above the 95th percentile in length or height for age and 

both parents are very tall (mother taller than 5’9” and father taller than 6’4”) or very 

short (mother shorter than 5’ and father shorter than 5’5”) (3,15). The technique 

for parent-specific length or height adjustment is recorded on the table included in 

Appendix E.

“Ideal” Body Weight

Because children grow at different rates, it is impossible to quantify an absolute 

“ideal” weight based solely on age. Obviously, the desirable weight for a 108 cm, 

6 year old girl is not the same as for a 120 cm, 6 year old girl, although both 

children’s growth rates can be described as typical. Some sources suggest using 

the weight that would place the child at the 50th percentile for weight for stature 

as an “estimated desirable weight” or “ideal” body weight. This may help to make 

identification and classification of malnutrition more quantifiable, but must be 

carefully considered. Many children are more satisfactorily described in terms of 

“degree of malnutrition.” However, classifications are generally arbitrary and thus 

may not be consistent.
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Mild malnutrition has been defined as 80-89% of expected weight for stature (15). 

This roughly corresponds with the 5-10th percentile on the weight for stature charts. 

Moderate malnutrition has been defined as 70-79% of expected weight for stature, 

and severe malnutrition as less than 70 percent. Both of the criteria correspond to 

less than the 5th percentile on the weight for stature charts.

Secondary Measures

Triceps Skinfold and Mid-Upper Arm Circumference (2,3)

Together, triceps skinfold thickness and mid-upper arm circumference are used 

to calculate arm muscle circumference, arm muscle area, and arm fat area, 

which are indicators of body fat and muscle stores when compared to population 

percentiles (3,7). For typically developing children, the calculations of arm muscle 

circumference, arm muscle area, and arm fat area provide a better estimate of body 

composition than triceps skinfold alone.

Accurate measurements of triceps skinfold thickness and mid-upper arm 

circumference are difficult to obtain by an inexperienced or untrained measurer. 

Measurement error is likely to be higher when measuring young children because it 

is difficult to maintain the child in the proper position while the measurement is being 

performed. It is also difficult to separate fat from muscle tissue (7). These secondary 

measurements are useful only if obtained with precise and accurate technique that 

is developed with training and practice. In the course of training, the measurements 

must be validated by a person experienced with skinfold thickness techniques. Only 

calibrated calipers should be used for measuring skinfold thickness; plastic calipers 

are not accurate. For further information on these measurements see Frisancho (16), 

Guiney (17) Tanner (18), and Cameron (19).

Recommended guidelines for interpretation have been published, and an individual’s 

measurements can be compared to population reference data (16). These 

interpretations, however are based on assumptions of the bone diameter and the 

distribution of muscle and fat around the bone of typically developing persons; these 

assumptions may be inaccurate for persons with physical abnormalities. The best use 

of these measurements for children with special health care needs is for assessing 

changes over time (e.g., increases in fat and muscle stores in the undernourished 

child and decreases in fat stores in the overweight child). Skinfold measurements are 

not appropriate for children with subcutaneous edema.
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Equipment and Technique for Triceps Skinfold Measurements 
(3, 7,17)

1. Use an accurate skinfold caliper, such as the Lange or the Holtain, and a flexible, 

nonstretchable tape measure.

2. On the child’s right side find the acromion process and the olecranon process (tip 

of elbow). These processes are shown in Figure 9. The child’s elbow if flexed at 

90 degrees. 

3. Using a tape measure, find the midpoint between the acromion process and the 

olecranon process and mark it with a pen as shown in Figure 9.

4. Position the child with his right arm completely relaxed and hanging by his side.

5. Pick up the skinfold overlying the triceps muscle, 1 cm above the midpoint mark.

6. At the midpoint mark, apply the jaws of the caliper to the skinfold while 

continuing to hold the skinfold above the mark, as shown in Figure 9.

7. Permit the jaws of the caliper to exert full strength as the trigger lever is 

released, without “snapping” it.

8. Read the dial to the nearest 0.1 mm. Record the measurement.

Figure 9. (a) Locating the acromion and olecranon processes; (b) measuring the 
midpoint, and (c) measuring triceps skinfold thickness.
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Ê

9. Re-position the child and re-measure the skinfold. Make sure there is not tissue 

compression with the repeated measurement. 

10. Compare the measures; they should agree within 0.2 cm

11. Record the numeric value and compare it to reference data and/or previous 

measurements. 

Equipment and Technique for Mid-Upper Arm Circumference 
(3,7)

1. Use a flexible, nonstretchable tape measure.

2. Position the child with his right arm completely relaxed and hanging by his side.

3. Measure the circumference of the right arm at the midpoint mark (midway 

between the acromial and olecranon processes as shown in Figure 9.)

4. Wrap the tape around the arm so that it is touching the skin but not 

perpendicular to the long axis of the arm.

5. Measure to the nearest 0.1 cm.

6. Repeat the measurement until two measurements agree within 0.2 cm.

7. Record the numeric value and compare it to reference data and/or previous 

measurements.

Calculating Arm Muscle Circumference, Arm Muscle Area, And 
Arm Fat Area (3,16)

The mid-upper arm circumference (C) is converted to mm (c) and used with triceps 

skinfold thickness (T) to calculate upper arm area (A), upper arm muscle area (M), 

and upper arm fat area (F). Equations for these calculations are provided below. A 

nomogram is also available (15).

• Upper arm area (mm2) =  Ê π     c  2

  4 x π

• Upper arm muscle area (mm2) = (c-π T)2

  4 π

• Upper arm fat area (mm2) = A – M
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Guidelines for Interpretation of Upper Arm Indices of Fat and 
Muscle Stores

Percentiles for triceps skinfold, mid-upper arm circumference, arm muscle 

circumference, arm muscle area, and arm fat area for Caucasian males and females 

1 to 75 years have been published by Frisancho (16) and are shown Appendix F. 

These indices are appropriate for assessing an individual’s fat and muscle stores, but 

it is important to remember that these are reference data for typically developing 

Caucasians.

Subscapular Skinfold

Subscapular skinfold thickness is a useful measurement for estimating fat stores, 

especially when used in conjunction with triceps skinfold thickness and mid-upper 

arm circumference. Percentiles for subscapular skinfold thickness for typically 

developing males and females ages 0 to 19 years have been developed by Tanner 

and Whitehouse (18). It has been suggested that the best use of the subscapular 

skinfold measurement in managing children who are overweight or underweight is to 

evaluate individual change over time.

Equipment and Technique for 
Subscapular Skinfold (7)

1. Use an accurate skinfold caliper, such as 

the Lange or the Holtain.

2. Pick up the subscapular skinfold just 

under the shoulder blade, following the 

natural fold of the skin. The arm and 

shoulder should be relaxed

3. With a pen, mark the midpoint of the 

fold.

4. Holding the skinfold approximately 1 cm 

from the midpoint mark, apply the jaws 

of the caliper to the skinfold so that the 

mark is midway between the jaws, as 

shown in Figure 10.

Figure 10. Measuring Subscapular Skinfold 
Thickness
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5. Permit the jaws of the caliper to exert full strength as you release the trigger 

lever, but do not allow them to “snap” and pinch the child.

6. Take the reading right after the first rapid fall. Read to the nearest 0.1 cm. 

7. Repeat the measurement. The measurements should agree within 0.2 cm. 

8. Record the value.
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CHAPTER 3

Physical Activity for Children with 
Special Health Care Needs 
Kathleen Washington, PT, PhD and Kay Kopp, OTR/L

Introduction 
A 2005-06 survey conducted by the Centers for Disease Control and Preventions’ 

National Center for Health Statistics showed that 13.9 percent of US children have 

special health care needs, and 21.8 percent of households with children include at 

least one child with a special health care need (1). These children are at greater 

risk than peers without disabilities to develop poor health, including obesity, 

cardiovascular disease, and musculoskeletal limitations because they are not 

appropriately physically active and fit.

The most frequently identified barriers to participation of these children in sports 

and physical activities are the child’s functional limitations (18%), high costs 

(15%), and lack of nearby facilities or programs (10%) (2). The child’s perceived 

self-competence, time, social support from schools and communities, and family 

and child preferences are additional factors influencing participation. Families who 

engage in physical activities are more likely to encourage similar participation for 

their children with special health care needs. Interestingly, environmental and family 

factors seem to be more significant determinants of participation than characteristics 

of the children themselves (2).

The primary goals for increasing physical activity in these children are to reverse 

deconditioning secondary to impaired mobility, optimize performance of functional 

activities, and enhance well-being. Regular physical activity is essential for the 

maintenance of normal muscle strength, flexibility, and joint structure and function, 

and may prevent, minimize, or slow the loss of function often associated with 

disabling conditions. Other benefits of physical activity include improvements in 

confidence and self-esteem (3). 

Definitions and Types of Physical Activity
The term “physical activity” describes many forms of movement that involve the 

large skeletal muscles and require significant energy expenditure. Physical activity is 



38 Nutrition Interventions for Children With Special Health Care Needs

Chapter 3 - Physical Activity for CSHCN

defined by its duration (amount of time), intensity (rate of energy expenditure), and 

frequency (number of sessions per time period). As described in Bright Futures in 

Practice: Physical Activity (4) there are several types of physical activity:

1. Aerobic: Light to vigorous intensity physical activity that requires more oxygen 

than sedentary behavior and thus promotes cardiovascular fitness and other 

health benefits (e.g. jumping rope, playing soccer or basketball)

2. Anaerobic: Intense physical activity that is short in duration and requires a 

breakdown of energy sources in the absence of sufficient oxygen. Energy sources 

are replenished as an individual recovers from the activity. Anaerobic activity 

(e.g. sprinting during running or biking) requires maximal performance during a 

brief period. 

3. Lifestyle: Physical activity typically performed on a routine basis (e.g. walking, 

climbing stairs, raking the yard) which is usually light to moderate in intensity.

4. Physical activity play: Play activity that requires substantial energy expenditure 

(e.g. playing tag, jumping rope)

5. Sports: Physical activity that involves competition, scorekeeping, rules, and an 

outcome that is not known in advance. Sports can be divided into categories 

such as individual (e.g. gymnastics, swimming) dual (e.g. tennis) and team (e.g. 

basketball)

Most of the above are weight-bearing activities, which contribute to the growth 

of healthy bones in children and adolescents, and provide numerous other health 

benefits. Many children and adolescents choose not to participate in competitive 

team sports but can still gain health benefits by participating in individual activities 

such as biking or yoga. One of the most important criteria for promoting physical 

activity for children and adolescents is that it is enjoyable for them. 

Two broader categories of physical activity for children and adolescents are lifestyle 

and structured (4). Examples of lifestyle physical activities are walking, playing, 

and doing chores. Structured physical activities consist of 1) physical education 

(PE) programs at school and 2) extracurricular activities (e.g. baseball team), which 

can occur in either in school or non-school settings. Structured physical activities 

generally provide more intense physical activity than lifestyle activities, and are more 

likely to help maintain weight and result in improved strength and cardiovascular 

fitness. 
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The Importance of Physical Activity in Health 
Promotion
The role of physical activity in the prevention of disease and health promotion for 

all children and adults has been advocated by many organizations. In 2008, the 

U.S. Department of Health and Human Services published their Physical Activity 

Guidelines for Americans (5). The guidelines for all children and youth call for 

moderate-intensity and vigorous-intensity physical activity for periods of time that 

add up to 60 minutes or more each day. Children with disabilities are urged to meet 

these guidelines when possible. Other organizations, such as the American College 

of Sports Medicine (6) and the National Center on Physical Activity and Disability 

(7) have promoted the health benefits of physical activity, and articulated the public 

health concerns that inactivity presents. As CSHCN are at serious risk for additional 

health consequences such as obesity and musculoskeletal impairments as a result of 

a more sedentary lifestyle, increasing their levels of physical activity should be a life-

long objective. 

The International Classification of Functioning, Disability and Health, known more 

commonly as ICF, is the framework developed by the World Health Organization 

(WHO) for measuring health and disability at both individual and population 

levels (8). The ICF is a classification of three domains of human functioning: body 

structures and functions, activities, and participation. (See Fig. 1) Body functions 

refers to the physiological function of body systems, while body structures refers to 

anatomical body parts, such as organs and muscles. Activities refers to a person’s 

performance of tasks such as getting dressed, walking, or running. Participation 

refers to the nature and extent of a person’s involvement in daily life situations, such 

as attending school, socializing, 

or playing sports (recreation). 

A primary goal of health care 

professionals is to assist children 

with special health care needs in 

participating as fully as possible 

in the life of their family and 

community. Since an individual’s 

functioning and disability occurs 

in a context, the ICF also includes 

personal factors (e.g. personality, 

age, lifestyle) and environmental 

factors (e.g. physical, economic, 
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Figure 1: The International Classification of Function, 
Disability and Health (ICF)--World Health Organization, 
2001. For more information on ICF, visit: http://www.who.
int/classifications/icf/en/index.html
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social). These contextual variables allow a more holistic view of disability on the 

person’s functioning. 

Note that the ICF framework is not a linear model. Within the ICF model, a child with 

a health condition such as cerebral palsy may have impairments in body structures 

(e.g. spasticity). However, this does not necessarily mean that the child will have 

a participation restriction. While the child may not be able to play on the school 

basketball team, he can participate in the sport of wheelchair basketball through 

the local Special Olympics organization. Similarly, while he may not be able to walk, 

his use of a manual wheelchair affords him mobility and access to his home and 

community. Nutritionists and other health care professionals have an important role 

in preventing or minimizing the degree of restrictions in activities and participation, 

thus minimizing the degree of disability. 

Benefits of Physical Activity for Children with 
Special Health Care Needs 
The benefits of physical activity for children with special health care needs have been 

demonstrated in a growing body of scientific literature, as documented in the studies 

cited below. Incorporating regular physical activity into their lifestyles will hopefully 

increase the likelihood of improved health in adulthood for CSHCN, as well as reduce 

secondary conditions such as cardiovascular disease and osteoporosis. Equally 

important are the psychological benefits of physical activities including opportunities 

to form friendships, express creativity, and develop self-esteem and confidence (3). 

However, there are important health-related conditions, such as high blood sugar in 

children with diabetes or cardiac defects in children with Down syndrome, that may 

be affected by participation in physical activity. Thus, screening and assessment of 

CSHCN, conducted by appropriate members of the individual’s health care team, is 

recommended prior to participation in physical activity. 

Benefits of Physical Activity for Children with Obesity

Currently, 11% of children and adolescents in the United States are affected 

by obesity, as defined by a body mass index (BMI) at or greater than the 95th 

percentile. There are many societal factors presumed to contribute to the increased 

prevalence of childhood obesity, including less time playing outdoors and in 

physical activities, increased “screen” time (computer, video games, TV), increased 

consumption of high calorie fast foods, and the decline of family meals (9). In 

addition to an increased risk of obesity in adulthood, there are a number of diseases 
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associated with childhood obesity that can impact one’s health for a lifetime. Into 

adulthood, obese children and adolescents can have associated conditions including 

asthma, Type 2 diabetes, hypertension, musculoskeletal complications, psychosocial 

stigmas, and sleep apnea (10). 

In addition to healthy eating habits and decreasing sedentary activities, regular 

physical activity is a primary strategy for preventing obesity. Of the limited studies 

on the use of both exercise and nutrition education as an approach to addressing 

childhood obesity, efficacy of this combination has been reported. An important 

finding was that an educational approach focusing on exercise and nutrition 

empowers both children and their families to make better lifestyle choices around 

activity participation and food selections. Improved lifestyle choices equate with 

improved health over a lifetime (11).

Benefits of Physical Activity for Children With Asthma

Another group likely to experience limitations in exercise and physical activity is 

children with asthma, one of the most prevalent disorders in childhood. To avoid 

the common unpleasant feelings of shortness of breath and exercise-induced 

bronchospasm (EIB), some children with asthma self-limit their physical activities. 

Restricting physical activities can contribute to muscle deconditioning and lowered 

levels of fitness, as well as limit participation in play and recreation with peers. 

By preventing or managing EIB, many children and adolescents with asthma can 

safely participate in physical activities and sports. Prevention and management 

strategies may include identification and control of triggers (e.g. allergens, 

prolonged physical activity [especially in cold weather], respiratory tract infections), 

medications, and modification of physical activities. Modifications may include 

longer warm-up and cool-down periods, modifying activity intensity, training and 

conditioning to prepare for physical activity, and monitoring the environment 

to minimize asthma triggers. A team approach to asthma management is 

recommended, with all the adults involved in the care of the child participating. An 

asthma-management plan should also include the physical education (PE) teacher at 

school, as modifications may be necessary for participation and enjoyment.

Research shows that physical activity for children with asthma not only improves 

fitness, but may also have a positive effect on perceived physical competence and 

coping with asthma (12,13). Study participants tolerated the training programs 

well, and led the authors to recommend organized sports activities with short and 

intense bouts of muscle work for children with stable asthma. Parents of children in 
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the experimental groups reported their children had more success and pleasure in 

sports, and that they played with other children for longer periods of time (13).

Benefits of Physical Activity for Children with Neuromotor 
Disabilities

The benefits of physical activity for children with neuromotor disabilities such as 

Down syndrome and cerebral palsy (CP) have been documented in the literature, as 

cited below. However, some children may require a health screening from a primary 

care provider prior to participating, and some activities may have to be adapted to 

ensure that the child or adolescent has a safe, positive experience. 

Common physical characteristics of children with Down syndrome include hypotonia, 

decreased muscle strength, and ligamentous laxity, which can limit endurance 

and restrict participation in physical activities, including play. In addition to these 

musculoskeletal impairments, there are other associated medical and health issues 

that can affect physical activity including congenital heart defects, atlantoaxial 

instability (i.e. an abnormally large space and excessive motion between the first and 

second cervical vertebrae), and a tendency toward obesity. All health care providers 

should discuss with families the risks that certain physical activities (i.e. gymnastics, 

horseback riding) involving neck hyperflexion or hyperextension may pose for 

individuals with atlantoaxial instability. Parents in turn need to consult with their 

child’s primary care provider before these types of activities are initiated. As long 

as medical and health issues are monitored, participation in moderate- to vigorous 

intense activity is recommended for children with Down syndrome to reduce their 

tendency toward obesity, enhance social opportunities, and promote lifelong health 

(14).

For many children with CP, impairments such as muscle weakness, muscle spasticity, 

and balance deficits make it difficult to participate in sport and play activities at 

sufficient levels to develop and maintain normal physical fitness levels (15). However, 

a substantial body of evidence has documented that muscle strength can be 

improved in children with CP, and that improved strength can translate into functional 

gains such as improved walking efficiency (16,17). Thus, the child’s participation in 

physical activities should be encouraged by all members of the individual’s health 

care team. 

Given the appropriate guidance and supervision, children and adolescents with 

neuromotor disabilities can improve fitness and physical activity levels at community 

fitness facilities. This option not only allows these children to participate in 
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community-based settings, but also promotes their involvement in fitness activities 

with other family members. Programs in the community also offer the possibility 

of transitioning children from individual physical therapy or occupational therapy 

sessions to lifelong fitness programs (15). In one study evaluating a conditioning 

program of aerobic exercise, flexibility exercises and weight training for adolescents 

with CP, significant improvements in strength were documented (18). However, an 

unanticipated outcome of the program was a dramatic change in self-perception 

for the participants, with some participants gaining enough confidence to enroll in 

a regular aerobics class after the study. This self-initiation represents an important 

step in health promotion for these adolescents. 

Other benefits of community based activity programs for children with special health 

care needs are the positive effects on motivation and compliance. Many individuals, 

including both children and adults, are more motivated to exercise in a group 

setting. Parents reported difficulties in getting their young children with physical 

disabilities to comply with home exercise programs (HEP) (19). But when involved in 

a group fitness program incorporating strength and endurance training, attendance 

and adherence to the exercise program was high, prompting parents to request 

continuation of the program. Improvements in many of the outcome measures such 

as energy expenditure, strength, fitness, and self-perception were also documented 

for the study subjects.

The Role of the Nutritionist in Promoting Physical 
Activity for CSHCN
The role of the nutritionist is to collaborate in the development of an overall physical 

activity plan for the child through the following activities: 

• perform screening as indicated in Table 3.1

• provide information regarding the benefits of physical activity and 

contraindications

• make referrals to other health care professionals when appropriate

• provide appropriate resources

• facilitate partnerships among other health care professionals, families, and 

community agencies (e.g. schools, YMCA)

• serve as an advocate 

• provide support and encouragement 

One of the most important benefits a nutritionist can provide to these children and 

their families is anticipatory guidance to help prevent complications of inadequate 

nutrition and inactivity. Once family activity patterns are identified, guidance about 
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limiting sedentary behaviors (e.g. watching TV, playing computer games) may be 

indicated. Education regarding proper nutrition, weight management, and exercise 

is vital to making choices about a healthy lifestyle. Establishing healthy eating habits 

and exercise as a part of one’s lifestyle when a person is young will help ensure they 

carry over the behaviors into adulthood. 

The Following Case Study Illustrates How the Nutritionist, Using a Family-

Centered Approach, Helps Facilitate a Physical Activity Program for a Boy 

With Cerebral Palsy.

Charlie is a 10-year-old boy with a history of premature birth at 28 weeks gestation. 

He has a diagnosis of spastic diplegic cerebral palsy (CP). Charlie is a friendly, social 

boy, and his cognitive skills are within the average range. He presently ambulates 

with Lofstrand crutches for short distances at home and at school, but uses a manual 

wheelchair for community access. The family has recently moved to the area, and 

Charlie was just enrolled in the 5th grade at a new school. At the first well-child 

appointment with his new primary care provider, Charlie’s growth parameters met 

the criteria for obesity. His primary care provider made a referral to the nutritionist 

at the public health department. 

During an interview with Charlie’s mother, the nutritionist learned that Charlie’s 

inactivity, coupled with excessive caloric intake, was contributing to his obesity. In 

addition to his short-distance crutch walking, his primary form of physical activity 

was limited to a home exercise program (HEP) of stretching developed by his 

previous physical therapist. Charlie’s mother reported that he was not motivated 

to perform his HEP, and that she was tired of nagging him. She was interested in 

learning about alternative physical activities that might be more appealing and 

motivating for Charlie. A follow-up visit was scheduled to design a plan. 

At that visit, the nutritionist, Charlie, and his mother collaborated to make a plan to 

decrease Charlie’s caloric intake, as well as increase his physical activity level. The 

nutritionist discussed some of the questions in Table 3.1 with Charlie and his mother 

to identify family recreation interests. Charlie was fortunate to be part of a family 

that valued fitness. The nutritionist learned that Charlie was more motivated to 

participate in recreation activities with his family than play in adapted team sports. 

Because of the family’s interest in skiing and cycling, the nutritionist suggested 

contacting Outdoors for All, a local organization providing year round instruction 

in outdoor recreation and modified sporting equipment for people with physical, 

developmental, and sensory disabilities. To help maintain weight and promote overall 

fitness and conditioning, the nutritionist recommended checking out some of the 

local fitness clubs for a family membership. She also suggested that Charlie’s new 

physical therapist may be able to consult with the trainer at the club to develop 
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a strengthening and conditioning program for him that would meet the Surgeon 

General’s recommendation for physical activity a minimum of 60 minutes, most days 

of the week (20).

Screening Guidelines
Children and adolescents with special health care needs vary in their ability to 

participate in physical activities. Individual screening or assessment should be 

conducted by appropriate health care professionals, including the nutritionist, 

before a child begins a program of physical activity. To help the family select 

appropriate and beneficial physical activities, health care providers need to consider 

the individual’s health status, interests, cognitive skills, and available community 

resources. Most importantly, working with the family to identify their specific physical 

activity goals for their child and their current physical activities as a family will help 

tailor recommendations. 

Tables 3.1 and 3.2 provide guidelines for screening of children with special health 

care needs and appropriate interventions to promote physical activity. 
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Table 3-1: Suggested Screening Questions About Physical 
Activity

1. What physical activities does your family currently participate in?

2. What are your child’s interests related to physical activity?

3. Does your child participate in physical activities at school? If so, which ones? 

How often?

4. What are your priorities for your child’s participation in a physical activity? (e.g. 

an activity other family members enjoy, for socialization, weight management)

5. How does your child’s health impairment limit his/her participation in physical 

activities? What type of activities should be avoided?

6. How does your child understand and follow instructions and rules?

7. Has your child had any experience participating in structured group physical 

activities, such as a gymnastics class, T-ball team, or group setting?

8. What modifications might be necessary for your child to participate in a physical 

activity? (e.g. adapted equipment, modification of rules, simplified instruction, 

protective equipment)
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Table 3-2: Interventions to Promote Physical Activity in Children 
with Special Health Care Needs

Screen/ 
Assessment Intervention Evaluation/Outcome

Obtain current medical/
health information

Review current medical/health 
information

Child will participate in 
activities that are compatible 
with current health status

Assess nutritional status
Develop a nutrition plan to 
include physical activity to 
promote growth and well-being

Child will maximize their 
nutritional status and 
participate in appropriate 
physical activity

Review current 
medications

Discuss with parents any 
side effects of medications 
(e.g. diarrhea, constipation, 
sleepiness) that may effect 
physical activity participation 

Child will participate in 
activities that are compatible 
with medication side effects

Probe for current 
physical activity levels 
at home, school (i.e. 
sports, PE class) and 
community

Refer to Table 3.1

Educate the family regarding 
community resources for 
physical/recreation opportunities 
for child

Provide guidance re: limiting 
sedentary activities

Child will participate in 
physical/ recreational 
activities geared towards his/
her interests and abilities

Family will identify and 
participate in community 
physical activities with child

Probe for 
contraindications to 
physical activity 

Discuss with parents and/or 
contact primary care provider to 
inquire re: contraindications to 
physical activities

PCP or family member write a 
cautionary statement to provide 
to community organizations 
re: child’s limitations and/or 
contraindications

School and community 
physical activity providers 
will have knowledge of 
child’s restrictions and/or 
adaptations regarding safe 
and appropriate physical 
participation

Eliminate/minimize 
possibility of injury for child 
during physical activity

Inquire if parents have 
any concerns around 
child’s motor skills and 
if child is receiving any 
occupational therapy 
(OT) or physical therapy 
(PT) services

Refer to pediatric OT or PT 
to evaluate motor status and 
determine if direct OT or PT 
services are needed to improve 
motor skills for participation in 
physical activities

Child will develop necessary 
motor skills to participate in 
selected physical activities
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Resources 
American College of Sports Medicine, www.acsm.org/ (go to link: Physical Activity 

and Public Health Guidelines)

Centers for Disease Control and Prevention, National Center for Chronic Disease 

Prevention and Health Promotion, www.cdc.gov/nccdphp/dnpa
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City of Seattle Parks & Recreation & Special Populations Programs,  

www.seattle.gov/ parks/specialpops/index.HTM

Healthy People 2010, www.healthypeople.gov/

King County Specialized Recreation, http://www.metrokc.gov/parks/  

the newer site is at http://www.kingcounty.gov/healthservices/health/chronic/

getactive/activities/disabilities.aspx

The National Center on Physical Activity and Disability, www.ncpad.org

Office of Disease Prevention and Health Promotion, http://odphp.osophs.dhhs.gov/

Outdoors for All, www.outdoorsforall.org

President’s Council on Physical Fitness and Sports, www.fitness.gov/

Special Olympics, www.specialolympics.org 

Special Olympics of Washington, www.sowa.org

Summer Camps and Programs for Children with Special Needs (WA State),  

www.cshcn.org

Surgeon General of the United States, www.surgeongeneral.gov/

United States Dept. of Health and Human Services – “ I Can Do It, You Can Do 

It!” Nation-wide initiative supporting physical activity for children with disabilities; 

includes on-line mentoring program with 50 organizations participating.  

www.hhs.gov/od/physicalfitness.html

The Kid’s Activity Pyramid, Penn State College of Agricultural Sciences Publications, 

http://pubs.cas.psu.edu/freepubs/pdfs/uk076.pdf

The Kid’s Activity Pyramid, International Diabetes Center, Park Nicollet HealthSource, 

http://www.parknicollet.com/healthinnovations/search/search.cfm
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Chapter 4

Breastfeeding for the Child with Special 
health Care Needs
Robin P. Glass, MS, OTR, IBCLC and Lynn S. Wolf, MOT, OTR, IBCLC

The nutritional benefits of breastfeeding and breast milk for the typically developing 

infant are undisputed (1). These benefits are also important for the infant with 

special health care needs (2). However these babies may reap additional benefits 

from breast milk due to their initial medical problems. The anti-infective properties 

found in breast milk often play a crucial role in the baby’s recovery from medical 

complications and support their health in the early months of infancy. 

For the typically developing infant, exclusive breastfeeding is considered to be getting 

all nutrition at the breast. For the infant with special health care needs, a broader 

definition should be considered. Breastfeeding can be seen on a continuum from 

full nutrition directly from the breast through receiving breast milk either fully or 

partially from a bottle or tube feeding. For this reason, attention to the adequacy of 

the mother’s milk supply is crucial. In particular, the first few weeks of life will be 

vital to the mother’s ability to provide her baby with enough breast milk for growth 

over the next six to twelve months. For all infants who are receiving mother’s milk 

recommended supplements include a single shot of Vitamin K at birth, use of a 

Vitamin D supplement started within a few days of birth, and a supplement of iron 

introduced in the first few months of life.

If the infant is not able to feed at the breast within two hours after birth, the mother 

should be assisted to begin pumping using a hospital grade pump. The first two 

weeks after birth are a crucial time for the establishment of a full milk supply (3). 

Encourage the mother to ideally pump a minimum of eight times per day, spaced at 

2-3 hour intervals during the day with a break of no longer than 4-5 hours at night. 

The aim is to produce at least 16 oz or more of breast milk per day at two weeks 

after birth. 

Pumped expressed breast milk can be stored for five days in the back of the 

refrigerator or frozen and kept for 3-6 months in the freezer of a refrigerator with a 

separate door for the freezer. If the mother is struggling with her milk supply even 

though she is pumping regularly, a referral to a lactation consultant (LC) is indicated. 

The LC, in conjunction with the mother’s primary medical doctor, (PMD) might 
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recommend galactogogues to help boost milk supply. These are medications and 

herbs that can increase the mother’s rate of milk production and help her pumping 

efforts (1).

Many mothers worry that their baby is not getting enough milk at the breast. This 

may reflect a new mother’s lack of confidence, but can be an indication that the 

mother’s milk supply is low, or that the baby is having trouble transferring milk from 

the breast (4). If the baby has inadequate growth or appears to be hungry even 

after feeding, a detailed assessment is indicated to identify the problem. Issues with 

breastfeeding can reside with the mother, infant or both. Careful evaluation by a 

registered dietitian, a lactation consultant, and an occupational, physical or speech 

therapist with a specialty in breastfeeding can determine the problem and develop 

treatment strategies. 

The most common reasons mothers have low milk supply are related to delay in the 

start of pumping after birth if the baby is unable to feed at the breast, incomplete 

milk removal by the baby, and/or low frequency of pumping (3). Mothers may also 

have hormonal issues such as hypothyroidism, retained placental parts or hypoplastic 

breast development during pregnancy that can be linked with poor milk supply (3). 

Once the contributions from mother-sided issues are determined, more detailed 

evaluation of the infant’s role can occur. Assessment of the infant’s oral motor 

control as it relates to the ability to latch to and remove milk from the breast is an 

important first step (5). When observing a mother/baby breastfeeding, a pre-post 

breastfeeding weight is the only reliable method to determine intake from the breast. 

The amount of time spent at the breast is an extremely inaccurate measure of milk 

transfer. In addition to pre/post weights, observing the infant's sucking pattern 

and rate of swallowing can give some indication of the baby’s ability to breastfeed 

also known as efficiency of milk transfer. Frequent weight checks to monitor overall 

weight gain and growth velocity will also provide valuable data on which to base a 

treatment plan. 

How satisfied the baby appears after nursing and the length of time between 

feedings can also provide clues to the adequacy of milk transfer from the mother 

to the infant. Health professionals should be aware, however, that there are babies 

who are “happy to starve,” so that behavioral cues alone may not accurately reflect 

the amount of nutrition the baby is receiving at the breast. Infants with special 

health care needs may be particularly vulnerable to under-eating, as they may have 

diminished endurance from their primary medical conditions.

Many infants will require additional calories, beyond what they are capable of taking 

each day, in order to grow adequately. The RD’s individualization of the care plan 
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for each infant and mother should be done in a manner that ultimately leads to full 

breastfeeding and/or use of the mother’s milk supported by methods to preserve 

the mother’s supply. The energy density of a mother’s expressed breast milk (EBM) 

can be increased by the use of powdered formula and/or additional modules. See 

Appendix S. The increased energy dense breast milk can be given by a supplemental 

nursing system (SNS) or by use of the bottle for 1 or 2 feedings a day with the goal 

of full breastfeeding and/or use of all breast milk. Careful evaluation of the infant’s 

growth will be needed. Merely taking the fully breastfed baby off of the breast, 

having mother pump her milk, fortifying it and then giving it by bottle can quickly 

lead to the cessation of breastfeeding, and possibly a severe reduction in breast milk 

supply. 

Even babies who require nasogastric or gastrostomy tube feedings can gain 

breastfeeding benefits. They may breastfeed for a portion of their nutrition, with tube 

feeding volumes adjusted to account for intake (as measured by pre-post weights). 

Optimally, as much EBM as possible will be provided during tube feedings. Babies 

who take low volumes from the breast or who are unsafe to breastfeed can still nurse 

at a “dry” breast or participate in skin-to-skin care. These feeding experiences can 

have a beneficial influence on milk production. 

Contraindications for breastfeeding and/or use of human breast milk are present in 

children with special health care needs. The most obvious is that for infants identified 

with galactosemia or other inborn errors of metabolism (See Chapter 21). For other 

contraindications to breastfeeding and/or the use of breast milk see The American 

Academy of Pediatrics Pediatric Nutrition Handbook (6).

For the infant with special health care needs, breastfeeding may look differently for 

each mother/baby pair. The primary goal is for the baby to receive as much breast 

milk as possible, with the secondary goal of achieving at least some feeding at the 

breast. Treatment strategies must support the mother in maintaining her milk supply, 

and support the mother and baby in moving toward breastfeeding. The intensity 

of the physical and emotional experience for the mother beginning breastfeeding 

with an infant with special health care needs should be acknowledged. The team of 

professionals working together can help balance competing medical goals, provide 

emotional support, and offer practical guidance to ensure the baby’s optimal growth. 

In the process, we may redefine “breastfeeding” in a way that is unique to each 

mother/baby pair. 

Table 4-1 presents guidelines for the assessment, intervention, and outcome/

evaluation for several breastfeeding concerns.
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Chapter 5

Medication-Nutrient Interactions
Starla Blank, RPh, PharmD and Eileen Harper, Med, RD, CD
Updated by Lori Brizee, MS, RD, CSP, LD

Medications and nutrients are known to interact, sometimes with detrimental effects. 

Medications can affect nutritional status in the following ways:

•	 altering	the	absorption,	metabolism,	and/or	excretion	of	specific	nutrients

•	 causing gastrointestinal disturbances and/or anorexia, thereby decreasing overall 

nutrient intake

•	 increasing appetite which can result in obesity

•	 interacting with nutrients prior to ingestion (e.g. when mixed with food or formula 

before administering)

Additionally,	specific	foods	and	nutrients	are	known	to	interfere	with	the	action	of	

certain medications by altering the absorption or metabolism of the medication. 

Children with special health care needs are at risk for medication-nutrient 

interactions, especially when medications are used long-term, multiple medications 

are prescribed, and nutrient intake is marginal (1). Other issues to consider include 

interactions between medications and vitamin and mineral supplements and the 

timing of medication administration related to meals and snacks. This section 

discusses ten types of medications that have documented effects on nutrients and 

are commonly used in the treatment of children with special health care needs (2).

Anticonvulsants
Children with neurologic impairments often have secondary seizure disorders that 

are treated with anticonvulsant medications. Long-term use of anticonvulsant 

medications	places	a	child	at	risk	for	deficiencies	of	vitamin D, folic acid, and possibly 

other vitamins, including vitamins B6 and B12 (3,4). Routine assessment for vitamin 

deficiencies	is	an	important	component	of	comprehensive	health	care	for	these	

patients. Some anticonvulsants can cause side effects such as nausea, vomiting, 

diarrhea, and lethargy (3). Other side effects include weight loss or gain (5).
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Vitamin D

Long-term	use	of	anticonvulsants	has	been	associated	with	vitamin	D	deficiency,	

resulting in rickets or osteomalacia (1). The effects of anticonvulsant therapy on 

vitamin D status are multiplied by the following factors (1,4):

•	 multiple medication regimens

•	 inactivity

•	 little exposure to sunlight

•	 dark skin

•	 poor dietary intake of vitamin D

The	anticonvulsants	most	frequently	implicated	in	vitamin	D	deficiency	are	phenytoin 

(Dilantin), phenobarbital, and carbamazepine (Tegretol). Primidone (Mysoline) and 

valproic acid (Depakene/Depakote) have also been shown to be associated with 

vitamin	D	deficiency	and	decreased	bone	mineral	density	(1,3,4).

Recent research on vitamin D has shown that optimal levels are much higher than 

previously thought (>30ng/mL versus >20 ng/mL). Vitamin D deficiency	has	been	

found to be widespread in the normal population, especially for those living at 

greater than 45 degrees latitude (north or south) (5,6). It is imperative that vitamin 

D	levels	are	evaluated	and	deficiencies	treated	at	time	of	initiation	of	anticonvulsant	

therapy, and regularly thereafter. Children on anticonvulsant therapy who have 

normal vitamin D levels should be given a prophylactic dose of up to 2000 IU 

vitamin	D	daily.	Those	with	documented	deficiencies	will	need	pharmacologic	doses	

prescribed by their physicians (7).

Folic Acid

Longterm use of anticonvulsants has also been strongly associated with folic acid 

deficiency	and	possibly	with	deficiencies	of	other	B	vitamins	and	vitamin	C.	Folic	acid	

deficiency	has	been	observed	with	phenytoin	alone	and	in	combination	with	other	

medications; the strongest effects have been observed with multiple medication 

regimens. There is some indication that folic acid supplementation may result in 

more frequent seizures. However, supplementation with Dietary Reference Intake 

(DRI) levels of folic acid and close monitoring of seizure activity is appropriate to 

prevent	folic	acid	deficiency	(1).	Folic	acid	deficiency	is	associated	with	hyperhomo-

cysteinemia which in turn increases risk for heart disease. Supplementation with folic 

acid has been shown to both replete folic acid levels and decrease homocysteinema 

levels in individuals on anticonvulsants (8,9).
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Carnitine

Numerous	studies	have	shown	that	plasma	carnitine	levels	are	significantly	lower	

among patients taking valproic acid than among controls (10). Carnitine	deficiency	

in epilepsy results from a variety of etiologic factors including underlying metabolic 

disease,	inadequate	nutrient	intake,	and	specific	medication	effects	(6,	7).	The	

relationship	between	carnitine	deficiency	and	valproic acid-induced hepatotoxicity 

is unclear. Carnitine treatment does not always prevent the emergence of serious 

hepatotoxicity, but it does alleviate valproic acid-induced hyperammonemia (4,11).

Medications for Treatment of Attention Deficit and 
Attention Deficit Hyperactivity Disorders
Attention	Deficit	Disorder	(ADD)	and	Attention	Deficit	Hyperactivity	Disorder	(ADHD)	

is commonly treated with stimulant medications such as methylphenidate (Ritalin, 

Ritalin SR, Metadate CD, Metadate ER, Concerta), dextroamphetamine (Dexedrine) 

and amphetamine mixture (Adderall). Automexetine (Strattera) is a non-stimulant 

drug used to treat ADD/ADHD. Studies have shown that all of these medications 

are associated with depressed appetite in children, often resulting in a slower rate 

of weight gain and growth. Other studies have shown that effects of stimulant 

medications on appetite or growth are temporary and dose related; after one to 

two years of treatment, a tolerance is developed, and growth and appetite are no 

longer	depressed.	A	1996	study	found	small	but	significant	differences	in	height	

between children with ADHD and controls (12). These height differences were 

evident in young children, but not older adolescents and were unrelated to the use of 

psychotropic medications (13,14).

Diuretics
Diuretics are frequently prescribed for children with cardiac defects or chronic 

lung disease. Many diuretics such as furosemide (Lasix) increase the excretion of 

potassium, calcium, sodium, zinc, chloride, and magnesium; other diuretics such as 

spironolactone (Aldactone) spare potassium, but increase the excretion of calcium 

and magnesium (2). The diets of patients on diuretics must provide adequate 

replacement of the minerals that are excreted. Diuretics can also contribute to 

anorexia and gastrointestinal distress (15).
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Corticosteroids
Glucocorticoids	are	used	as	replacement	therapy	in	adrenal	cortical	deficiency	states	

and	for	anti-inflammatory	and	immunosuppressive	effects	in	the	treatment	of	many	

disorders, including asthma. Side effects of glucocorticoids include decreased bone 

mineral density, and decreased absorption of calcium and phosphorus; poor linear 

growth; increased appetite often leading to excessive weight gain; sodium and water 

retention occasionally leading to hypertension; muscle catabolism; increased glucose 

leading to insulin resistance; and increased lipolysis (16,17). Inhaled corticosteroids 

are now more commonly used than systemic corticosteroids. Their side effects are 

minimal compared to oral corticosteroids, but they can have similar effects when 

used long term. 

Antidepressants
Tricyclic antidepressants (TCAs) are used to treat mental depression, as an aid in the 

temporary treatment of nocturnal enuresis in children over the age of six years, and 

as a treatment for ADHD for some young adults and children over six years of age. 

Although the exact mechanism of action in the treatment of depression is unclear, 

TCAs have been thought to increase the synaptic concentration of norepinephrine 

and/or serotonin in the central nervous system. Nutrition-related side effects of TCAs 

can include an increased appetite and weight gain, dry mouth, nausea and vomiting, 

constipation, and diarrhea. 

The relatively new antidepressant medications, selective serotonin reuptake 

inhibitors (SSRIs) may cause dry mouth and GI disturbances such as nausea and 

vomiting, dyspepsia, diarrhea or constipation (18,19).

Antibiotics
Antibiotics are used to treat infections. They are sometimes used long-term on a 

prophylactic basis. Side effects that may interfere with an adequate nutrient intake 

include mouth and tongue sores, diarrhea, nausea, and vomiting (1). With long-term 

use,	gut	flora	can	be	altered,	decreasing	vitamin K production (20). Monitoring of 

nutritional effects is indicated.

Anti-Inflammatory Medications
Anti-inflammatory	medications	(e.g.	sulfasalazine for ulcerative colitis and Crohn’s 

disease) can cause nutrition-related side effects including anorexia, nausea, 

vomiting, taste changes, diarrhea, gastric distress, and abdominal discomfort (20).
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Anti-Gastroesophageal Reflux Disease Medications
These medications are used to treat heartburn due to gastroesophageal	reflux	

disease (GERD) by increasing GI motility. This acceleration of gastric emptying could 

affect the rate of absorption of other medications (21). A wide range of nutritional 

side effects may also occur, including constipation, diarrhea, nausea, vomiting, and 

abdominal pain and discomfort.

Antispasmodics
Antispasmodic medications are prescribed for bladder instability, e.g., with 

myelomeningocele. Some of the nutrition-related adverse effects include nausea, 

dry	mouth,	constipation,	abdominal	pain,	anorexia,	dysgeusia,	and	difficulty	with	

swallowing (22).

The remainder of this chapter presents guidelines for nutrition assessment, 

intervention, and evaluation/outcome for nutrition assessment, intervention, and 

evaluation/outcome	for	specific	medication-nutrient	interactions.
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Resources
Drug Information for the Health Care Professional (USP DI), 27th ed. Rockville: United 

States Pharmacopeia;2007. 

Physicians’ Desk Reference 63rd ed. Williston, VT: PDR Network; 2009. Note – 

updated yearly see - http://www.pdrhealth.com/home/home.aspx

Medline Plus Drug Information – This website provides information about drugs, 

supplements and herbals. http://www.nlm.nih.gov/medlineplus/druginformation.htm 
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Chapter 6

Nutrition Interventions for 
Constipation
Susan Brand, RD, CD, CDE
Updated by Melissa Mortensen, MS, RD, CSP, CD

Constipation is defined as incomplete or infrequent passage of stool persisting for 2 

or more weeks. The presence of hard, dry fecal material with difficulty in defecation, 

even if passed frequently, may also be considered constipation (1). Most authorities 

agree that a stool frequency of less than three times per week would be diagnostic of 

constipation in any age group (2).

Management of constipation is important because it can cause physical and 

emotional complications. Chronic constipation can lead to impaction and stretching 

of the rectal wall resulting in fecal soiling. Painful bowel movements might result in 

withholding behavior or encopresis (3,4). Urinary tract infections and other urinary 

pathology are reported in 30% of children with constipation, relating to fecal flora 

entering the urethra or the dilated rectum pushing on the bladder causing spasms 

(4). Decreased quality of life has been reported in children with chronic constipation 

and in their families. About one third of children never outgrow it (4,5). Signs of 

constipation include abdominal pain, abdominal distention, decreased oral intake and 

irritability (1).

There are many causes of constipation with specific relevance for children with 

special health care needs, and these are listed below. In some cases, reasons for 

the constipation cannot be determined. When no organic cause for constipation is 

identified, this is termed functional constipation (1).

Causes of Constipation Seen Commonly in Children 
With Special Health Care Needs 
• Abnormal anatomy or neurologic function of the intestinal tract (e.g. anal 

stenosis, Hirschsprung’s disease, and neurogenic bowel associated with 

myelomeningocele)

• Abnormal muscle tone (hypertonia or hypotonia) leading to impaired function of 

the intestinal tract
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• Decreased activity (e.g. due to prolonged illness, body cast, impaired motor skills, 

immobility or paralysis)

• Lack of routine toileting habits or the inability to attain an upright position for 

toileting

• Coercive toilet training (excessive parental involvement and/or fear of punishment 

with fecal soiling). 

• Medications, e.g. codeine; methylphenidate HCl (Ritalin), phenytoin (Dilantin), 

imipramine, anticholinergics that may be used to treat neurogenic bladder (1,3) 

and excessive or long-term use of laxatives, suppositories, or enemas, which can 

affect bowel motility or muscle tone and lead to more constipation and reliance on 

medications

• Unable to communicate need

• Behavioral withholding (encopresis)

• Excessive fluid losses (e.g. due to constant drooling, chronic vomiting, or fever)

• Inadequate fluid intake

• Inadequate fiber intake

• Underfeeding or malnutrition

• Cow milk protein allergy. This has not been well documented and requires further 

confirmation with double-blind studies (6). A time limited trial of a cow milk 

protein free diet is only recommended when other medical interventions and 

behavioral strategies have been exhausted (1,3).

The treatment of chronic constipation can involve increased intake of dietary fiber 

and fluids, a routine toileting schedule and proper positioning, increased exercise 

or massage, and use of stool softeners or laxatives (1,3). Evacuation of the bowel, 

usually accomplished with enemas or suppositories, is necessary in cases of 

impaction (3). A list of laxatives and description of mechanisms is provided in Table 

6-1.

When using any form of laxative, it is recommended to gradually decrease the 

amount of laxative required over a period of two to three months to a level that 

maintains one stool/day and prevents pain or straining (1). In a period of three to 

six months, discontinuation of the laxative is possible in about 50% of patients, with 

normal elimination then maintained via dietary and toileting practices (1,3).

Several controversies exist regarding the use of a high fiber diet in children, the use 

of mineral oil, and the use of highly osmotic liquids such as corn syrup. The following 

briefly summarizes the issues and conclusions.
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High Fiber Diet for Children
There have been concerns that a high fiber diet may have adverse effects on total 

energy intake and nutrient absorption in children. However, current research is 

inadequate to support a recommendation for fiber supplementation in children, and 

instead the recommendation is a balanced diet including whole grains, fruits and 

vegetables (1,3). The American Dietetic Association released a position statement 

in 2008 on dietary fiber, citing: “Appropriate kinds and amounts of dietary fiber for 

children, the critically ill, and the very old are unknown”. Reference Intakes are set at 

14 grams of fiber per 1000 calories (7). Unfortunately, these recommendations may 

not be applicable to children with special health care needs consuming individualized 

diets, such as a low energy diet or tube feeding. Other recommendations have been 

followed with successful outcomes in bowel management for healthy children and 

children with special needs.

The American Academy of Pediatrics recommends 0.5 g fiber/kg for a general healthy 

intake, with an upper limit of 35 g/day (8). Another method for estimating fiber 

requirements is “age plus 5 g,” as established by the American Health Foundation for 

children over age 2 years (e.g. a child who is 3 years old: 3 plus 5 g = 8 g fiber/day) 

(9,10). It is important to realize that children with chronic constipation may require 

fiber in amounts greater than the usual recommendations, along with increased 

fluid, to maintain normal elimination. However, it is recommended that levels above 

“age plus 10 g” be avoided (9). Children who are not able to consume adequate 

amounts of fiber from food often benefit from the use of supplemental fiber products. 

Examples of these include Unifiber®, Benefiber®, and Metamucil®. (See Appendix S.) 

Mineral Oil
Another controversy in the treatment of constipation involves the use of mineral oil. 

Mineral oil serves to soften the stool and provide lubrication for easier elimination. 

However, there have been concerns that it may bind fat-soluble vitamins and thus 

cause nutrient deficiency. This controversy began with a study done in 1939 that 

showed a decrease in serum carotene after six months of high-dose mineral oil use. 

However, the participants in this study never developed serum levels in a deficient 

range (11). Two recent studies have demonstrated no adverse effects of mineral oil 

use on fat-soluble vitamin status (2,11).

Mineral oil is not appropriate for infants less that 1 year of age secondary to 

concerns for gastroesophageal reflux and immature swallowing skills that may lead 

to aspiration (1,3). The risk for lipoid pneumonia also exists for children with history 
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of aspiration or swallowing difficulties. Alternatives suggested for infants are sorbitol, 

naturally found in pear, apple, and prune juices, glycerin suppositories, and lactulose. 

Corn Syrup
Corn syrup has been commonly used to treat constipation, on the theory that its 

high osmolarity will draw more water into the intestinal tract by osmosis. Although 

this seems to work in some cases, high osmolarity liquids have not been shown to be 

effective in treating constipation (2).

The remainder of this section (Table 6-1 and 6-2) presents guidelines for nutrition 

assessment, intervention, and evaluation/outcome for children with constipation.
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Chapter 7

Nutrition Interventions for Diarrhea
Naomi Katsh, MD

Diarrhea is the sudden increase in frequency and looseness of stools. Diarrhea is 

sometimes described as the passage of more than three watery stools in 24 hours 

or three times the normal number of stools in 24 hours (1,2,3). The best indicator 

of the severity of diarrhea is the frequency. If severe or chronic, this condition has a 

high potential for morbidity (and mortality, especially in developing countries). It is 

estimated that two million deaths occur annually in children under age 5 as a result 

of diarrheal diseases (1,4).

The main complication of diarrhea is dehydration from the loss of fluid and 

electrolytes with the stools. Nutritional complications may also develop, especially 

in chronic situations. Depending on the severity, chronicity, and underlying medical 

condition, evaluation and treatment of diarrhea may require input from many 

different health professionals including nurses, registered dietitians (RDs), primary 

care providers, and gastroenterologists.

Although there is not always a clear distinction, the subject of diarrheal illness can 

be approached as either an acute or chronic problem.

Acute Diarrhea
Acute diarrhea refers to a self-limited illness usually of less than 2-3 weeks duration. 

Acute diarrhea may lead to electrolyte imbalance and dehydration, which can be 

life threatening. Infants and young children with diarrhea are more susceptible to 

dehydration than older children and adults because of their smaller intravascular 

volume and a lower capacity to concentrate urine (2). Children who have disabilities 

that affect oral-motor function are already at risk for dehydration and may be at 

even greater risk because of difficulty replacing the fluids lost through diarrhea.

Causes

There are many causes of acute diarrhea. Some common causes include:

• Infection: Diarrhea in children is usually caused by a viral infection of the lining 

of the intestine (gastroenteritis) and can be accompanied by vomiting, fever, and 
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abdominal pain. Types of infection include:

1. viral: (e.g., Rotavirus, enteric adenovirus). In the United States, viruses 

account for at least 3040% of episodes of acute gastroenteritis. 

2. parasitic: (e.g., Giardia)

3. bacterial: (e.g., E. coli 0157, Salmonella, Shigella, Campylobacter)

4. non-gastrointestinal infection: Diarrhea can accompany otitis, pneumonia 

or urinary tract infection

• Medication side-effect (frequent with some antibiotics)

• Food intolerance

Nutritional Complications

Nutritional complications from acute diarrhea may not always be evident. Nutrient 

deficits are uncommon among previously healthy children with self-limited 

gastroenteritis. Dehydration is the most concerning complication of acute diarrhea. 

In the literature there are multiple different definitions of degrees of dehydration. 

Table 7-1 describes one approach to the assessment of dehydration for those with 

acute diarrhea.

Table 7-1: Assessment of Dehydration (1,2,5,6)
Percent Body Water 

Lost
Signs and Symptoms

Minimal 
dehydration 

1 to 2%, subclinical Increased thirst and mild oliguria (decreased 
urine output)

Mild dehydration 3 to 5% Increased thirst, oliguria, mucous membranes 
slightly dry

Moderate 
dehydration

6 to 9% Marked thirst, urine output <1mL/kg/hr, dry 
mucous membranes, decreased or absent tears, 
sunken fontanel, sunken eyes, delayed capillary 
refill, may have increased heart rate, may be 
listless and/or irritable

Severe 
dehydration

10% All the signs of moderate dehydration and may 
have hypotension, thready pulse, bradycardia or 
tachycardia, cool, cyanotic extremities, severe 
lethargy

After rehydration is started, refeeding the intestinal tract is recommended as the 

appropriate dietary management (1-3,5,7,8). There are multiple physiologic effects 

when the gastrointestinal tract receives no enteral nutrition. Starvation has been 

shown to cause atrophy of the gastrointestinal mucosa, decreased production of 
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digestive enzymes, and increased permeability of the mucosal barrier. All of these 

effects can lead to decreased ability of the gut to absorb nutrients (7,8).

Some children who have chronic illnesses or who are medically fragile may suffer 

nutrition deficits from repeated bouts of mild acute diarrhea even when appropriately 

managed.

Treatment

Mild acute diarrhea requires no special treatment. Adequate fluid intake should be 

a priority, but a strict clear liquid diet is no longer the treatment of choice. Recent 

data indicates that feeding with the usual diet is appropriate for most cases of 

acute diarrhea (1-3, 5-9). If an infant is breastfed, this should be continued on 

demand and other fluids given if needed for supplementation. Breast milk contains 

substances which may stimulate and protect the gastrointestinal mucosa (7). 

Formula-fed infants also should be continued on their routine formula. Milk and 

milk-based formulas have historically been avoided during episodes of diarrhea. 

There may be mucosal damage during the illness that creates temporary lactase 

deficiency. However, at least 80% of children do not have worsening of diarrhea from 

this temporary lactase deficiency and can safely be continued on milkbased formula 

or milk (7,8). Change to a lactose-free formula is only recommended if stool output 

increases on a milk-based formula (3).

Previous recommendations for treatment of acute diarrhea were for a period of 

“bowel rest” with clear liquids only, then gradual re-introduction of first diluted, then 

full strength formula or milk along with a very limited diet of solid foods. Diluted 

formula is no longer recommended. Current information has demonstrated that early 

feeding of a routine diet leads to a better overall outcome. Specific beneficial effects 

are decreased duration of illness, improved weight gain, and improved nutritional 

state (5,7,8).

There is discussion in the medical literature as to what constitutes the most 

appropriate mixed diet for feeding during acute diarrhea. Historically, the BRAT diet 

(banana, rice, applesauce and toast/tea) was recommended. This very restricted 

diet is high in carbohydrates but very low in calories, fat, fiber, protein, calcium, and 

Vitamins A and B12 (8). Current broad guidelines for an appropriate mixed diet are 

for food that is palatable, inexpensive, culturally acceptable, and easily digested 

(5,7). This may include complex carbohydrates (rice, wheat, potatoes, bread, 

cereal), lean meats/poultry, eggs fruits, vegetables, and yogurt (5).
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Medications are generally not prescribed or recommended for infants or children 

with acute diarrhea. Viruses are the predominant cause of acute diarrhea, especially 

in developed countries; therefore antibiotics are not indicated when treating acute 

diarrhea illnesses. Very few studies regarding medications have been done with 

children to demonstrate safety or efficacy. The potential risks of medications, 

including antispasmodics and anti-motility agents are felt to greatly outweigh any 

potential benefits (1,2,5,7).

Mild (3-5%) to moderate (6-9%) dehydration resulting from acute diarrhea can 

be treated with oral rehydration. There are commercially available preparations 

(e.g., Pedialyte®, Rehydralyte®) for oral rehydration. In developing countries 

childhood deaths from diarrheal illness, while still unacceptably high, has decreased 

dramatically due to oral rehydration solution (ORS) programs for treatment and 

prevention of dehydration. 

Since 1975, The World Health Organization (WHO) and the United Nations Children’s 

Fund (UNICEF) have recommended the formulation of ORS used in developing 

countries. Since 2002 there has been a new recommendation for a lower osmolarity 

ORS. This new preparation has been found to be more effective for acute, noncholera 

diarrhea in children and causes fewer cases of hypernatremia (high sodium). Adult 

cholera patients may still need higher sodium preparations in some instances (4).

Osmolality is a major factor in determining the efficacy of Oral Rehydration Solutions. 

In general, juice, broth, carbonated beverages, and sports drinks should not be used 

for oral rehydration because their high osmolalities may induce osmotic diarrhea and 

the electrolyte content is not appropriate (1-3,5,7,8). Diluted juice, broth, and sports 

drinks can be used for some children if other, more appropriate rehydration fluids 

are not available. Cereal-based oral rehydration therapy has also been proposed 

as a method of rehydration which also provides some nutrients (4,7). There are no 

commercially available cereal-based products at of the time of this writing.

Here is a recipe for cereal-based orT (oral reHydraTion THerapy) soluTion

½ - 1 cup dry infant rice cereal 

2 cups (16 oz) water 

¼ teaspoon table salt

Measure salt and dissolve in water. Gradually add cereal to the water until the 

mixture is as thick as is drinkable. Mix well. Discard after 6 to 8 hours or if it 

becomes too thick to drink (4).

Intravenous rehydration (in an outpatient or inpatient setting) may be required when 

oral rehydration attempts have failed or when dehydration is greater than 10% and/
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or associated with uncontrollable vomiting, shock, or severe lethargy. The contents 

of the intravenous solution and the rate of administration are calculated based on 

percentage dehydration, rate of ongoing losses, and serum electrolyte values.

Chronic Diarrhea
Diarrhea is considered to be chronic if one episode lasts longer than three weeks or if 

there are multiple episodes with only a few weeks or months between.

Causes

Some of the same factors that cause acute diarrhea may also result in chronic 

diarrhea. In addition, there are other etiologies of chronic diarrhea. Some of the 

more common ones include:

• Carbohydrate intolerance (e.g., lactose, fructose)

• Other food/formula intolerances, improper formula preparation, tube-feeding 

complications

• Chronic nonspecific diarrhea (This is a term used for diarrhea of at least 3 weeks 

duration, greater than 3 loose stools per day, no evidence of malabsorption or 

enteric infection.)

• Cystic fibrosis (see Chapter 17)

• Celiac disease (Glutensensitive enteropathy)

• Short bowel syndrome (see Chapter 20)

• Inflammatory bowel disease (Crohn’s disease and ulcerative colitis)

• HIV/AIDS and other immune deficiencies 

• Constipation/obstipation with encopresis

• Pseudomembranous colitis (Most often related to antibiotic use)

• Micronutrient deficiency (e.g., zinc deficiency can be both a cause and a 

complication of chronic diarrhea (8)

Nutritional Complications

Compromise of nutritional status is much more likely to occur with chronic diarrhea 

than with acute diarrhea. Malnutrition can result both from chronic loss of nutrients 

and fluid through the gastrointestinal tract and from overzealous attempts at dietary 

eliminations to determine the cause of chronic diarrhea (8). In turn, this malnutrition 

can lead to additional diarrhea secondary to alteration of mucosal absorptive ability 

and decreased enzyme activity (8). Children who have chronic diarrhea may have 

decreased appetites and therefore decreased intakes of nutrients.
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Treatment

Treatment of chronic diarrhea depends on the cause of the diarrhea and the results 

of a total assessment. Malnourished infants with diarrhea present a significant 

challenge for successful treatment and need energy replacement in addition to 

rehydration. Energy requirements of infants or children with chronic diarrhea may 

be as high as 200 kcal/kg/day (2). Enteral feedings may be attempted orally or by 

slow continuous nasogastric tube feeds. For children who are severely malnourished 

or who have poor gastrointestinal function for other causes (e.g., short bowel 

syndrome), parenteral nutrition may be required. Medications may have some role in 

treating chronic diarrhea. Pancreatic enzyme replacement is required in cystic fibrosis 

and other pancreatic disorders. Sulfasalazine and corticosteroids may be used in 

inflammatory bowel disease. If there is a specific protein or carbohydrate intolerance 

or enzyme deficiency, avoidance of the offending foods is the treatment of choice. 

Many children affected by chronic diarrheal conditions may require nutrition 

evaluations and follow-up throughout infancy and childhood. Special formulas and 

dietary supplements may be needed.

Diarrhea is a very common occurrence in childhood. Frequency of the stools and 

duration are two variables used to determine what, if any, evaluation is needed. The 

remainder of this section presents guidelines for nutrition assessment, intervention, 

and evaluation/outcome for children with acute (Table 5-2) and chronic (Table 5-3) 

diarrhea. 
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Chapter 8

Oral-Motor Feeding problems
Robin P. Glass, MS, OTR/L and Lynn Wolf, MOT, OTR/L

Children with neurodevelopmental disorders or developmental delays frequently 

have oral-motor and swallowing problems. These feeding difficulties influence the 

child’s ability to consume a nutritious intake in a variety of ways. The child may 

have inefficient or abnormal oral-motor patterns, making ingestion slow or labored. 

Oral-motor difficulties may limit the types of foods the child can eat. In addition, 

swallowing dysfunction may severely restrict the type of food textures that are 

safe for the child to eat. Most frequently, swallowing dysfunction affects the child’s 

ability to drink liquids. This may not only compromise the child’s overall nutrition but 

also his hydration status (1). Some factors associated with oral-motor and feeding 

problems include:

• abnormalities in muscle tone and delays in motor development

• oral-facial defects that interfere with feeding (such as cleft palate)

• delayed oral motor development or abnormal oral motor patterns (e.g., a tonic 

bite reflex)

• hypersensitive responses to touch and/or temperature in and around the mouth

• dental problems such as severe dental cavities or acquired malalignment of the 

jaws and teeth

• inability to properly coordinate feeding, swallowing, and breathing due to chronic 

medical conditions or central nervous system damage

• related medical conditions such as gastroesophageal reflux that may affect 

willingness to eat

• prolonged length of feeding sessions which tax both the child and the caregiver

If feeding difficulties such as these are observed, a thorough feeding evaluation is 

indicated. A pediatric occupational, speech, or physical therapist skilled in feeding 

disorders can perform this type of evaluation.

Complete evaluation of oralmotor and swallowing deficits in children with 

neurodevelopment disorders involves assessment of a wide range of factors beyond 

assessment of the level of oral-motor control. These include assessment of:

• basic postural control and level of motor development as it relates to feeding

• tactile sensitivity in the oral area and throughout the body



94 Nutrition Interventions for Children With Special Health Care Needs

Chapter 8 - Oral-Motor Feeding Problems

• the child’s ability to achieve and maintain an appropriate behavior and state of 

alertness for feeding

• the stability of the child’s physiologic functions to support feeding (e.g., stability 

of heart rate or respiratory rate)

• coordination of feeding, swallowing, and breathing

• swallowing function using videoflouroscopic swallowing study (VFSS), if indicated 

(2)

Difficulties in parent-child interaction may also be associated with oral-motor feeding 

problems. It is often difficult to differentiate between physical, behavioral, and 

interactional problems. Thus, it is necessary to consider all three when evaluating a 

child for oralmotor feeding problems (3).

In addition, related medical problems such as gastroesophageal reflux (GER) may 

influence the child’s feeding ability. If the child associates eating with the pain that 

often accompanies GER, the child may be resistant to feeding and food intake may 

decline dramatically. If GER is suspected, further evaluation by the child’s primary 

physician or a gastroenterologist is indicated.

Since most feeding problems have multiple underlying factors that contribute to 

the overall nutritional and feeding deficits, a team approach is the most effective 

method to thoroughly assess and intervene with the oral-motor feeding problems. In 

addition to the occupational, speech, or physical therapist, this team should include 

a registered dietitian (RD), a pediatrician, or other primary health care provider and 

the caregivers. The team may often also include a nurse or social worker to address 

the psychosocial issues that frequently occur concurrently with the feeding problem 

(see Chapter 9).

Appropriate interventions can significantly improve the child’s basic feeding skill 

as well as improve the ease of feeding for the caregiver. Mealtimes can become 

more satisfying for the child and family promoting better growth and nutrition. 

Intervention may include:

• proper positioning during feeding

• specific therapeutic activities to improve basic oral motor skills

• specific food types or textures to support the child’s level of oral motor control 

and swallowing function while ensuring adequate nutrient intake

• adapted feeding utensils

• specialized feeding techniques (4)

If the child is still unable to consume an adequate intake and/or it is unsafe for 

the child to eat, partial or full nutrition may need to be given via a nasogastric or 

gastrostomy tube.
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Planning and implementation of any feeding interventions should be done in 

collaboration with the caregivers and the other members of the team. Treatment 

strategies should be arranged so that they support caregiver priorities, improve 

nutrition and improve underlying oral-motor and feeding problems.

Table 8-1 describes the developmental sequence of oral-motor and self-feeding skills. 

Table 8-2 presents guidelines for nutrition assessment, intervention and evaluation/ 

outcome for children with oral-motor feeding problems.
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Chapter 9

Behavior Issues related to Feeding
Ginny Cronin, Behavior Analyst and Jill Wright, CBA 
Updated by Kelly Johnson, PhD

Behavior challenges can be a significant factor in oral feeding dysfunction. 

Sometimes these challenges are obvious, such as when a child turns away, refuses to 

eat, or has tantrums at mealtime. At other times the behavioral concerns are much 

more subtle, as when gagging and arching accompany reflux in an infant. It is best 

to address maladaptive behaviors as they are just beginning to develop.

Even when food refusal is well entrenched, a behavioral plan can help children 

achieve their feeding goals. When behavioral concerns significantly impede 

progression towards feeding goals, they should be addressed carefully and 

accurately. A generalized approach can do more harm by inadvertently strengthening 

the very behaviors targeted for decrease. 

This chapter will discuss the importance of incorporating a technically accurate 

behavioral approach in the treatment of feeding dysfunction. Understanding the 

role of aversive conditioning and environmental variables will help to avoid common 

mistakes and allow appropriate referrals. Examples will be given of ways to 

restructure the adult-child interaction to decrease the challenging behaviors of food 

refusal and resistance to therapeutic activities. Methods to increase the replacement 

behaviors of food acceptance and participation in therapeutic activities will also be 

reviewed. Appropriate analysis and sample treatment protocols will be considered 

which should enable individuals to roughly evaluate the quality of behavioral services 

as they are provided (1).

The Role of a Behavior Analyst
The role of a behavior analyst in the treatment of feeding dysfunction, as well as 

other behavioral challenges, is to analyze the functions or goals of challenging 

behaviors and develop interventions based on these analyses. This process is 

referred to as functional assessment, and is the standard of care in the field of 

applied behavior analysis.

Some areas of concern in the realm of feeding include:
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• Understanding what the child is trying to achieve with the challenging behavior

• Understanding how difficult behaviors are developed in the first place

• Understanding how the current situation is maintaining those behaviors

• Developing strategies to prevent the development of food refusal behaviors

• Implementing effective and technically accurate interventions that change the 

current structure to reinforce desired behaviors and eliminate the reinforcement 

that is currently in place for the behaviors to be decreased

• Developing behaviorally sound instructional goals and strategies for replacement 

behaviors that will facilitate progression of oral-motor skills, food acceptance, and 

other therapy goals

How Food Refusal Behaviors Develop
Understanding the variables involved in the development and maintenance of difficult 

behaviors always precedes developing an effective intervention. Behaviorists, social 

workers, or counselors are often consulted on a feeding team when a child actively, 

vocally, and consistently refuses food. Tantrums and aggression may accompany this 

behavior. While this is an excellent situation for utilizing the skills of a behaviorist, it 

is very late in the development of the behavioral sequence. By understanding how 

food refusal develops, other professionals can make a referral earlier in the aversive 

conditioning phase, preferably before the behavior has a chance to develop at all.

Classical Conditioning

Behaviors can be developed (learned) by what occurs before or during the behavior. 

This is called classical conditioning (2). Classical conditioning occurs when a neutral 

stimulus is paired with another stimulus. In feeding, such conditioning occurs when 

food presented to the mouth is paired with pain or satiation. The neutral stimulus 

becomes a discriminative stimulus that a punisher or reinforcer will occur. For 

example, a nipple in the mouth becomes a signal or warning that pain or satiation is 

about to occur.

Operant Conditioning

Behaviors can also be conditioned by what occurs after the behavior. This is called 

operant conditioning. Operant conditioning occurs when a behavior (eg, sucking) is 

followed by a response (eg, pain/satiation) that punishes or reinforces the behavior 

(3). A behavior results in a predictable response that reinforces or punishes the 

occurrence of that behavior. For example, sucking results predictably in pain/satiation 

that increases or decreases sucking in the future. A behavior has been reinforced if 
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it occurs with greater frequency in the future. It has been punished if it occurs with 

decreased frequency in the future. Even a response which appears to be pleasant 

(offering a bottle) can be a punisher if it causes a response (pain) that decreases the 

behavior in the future.

In feeding, aversive conditioning occurs when the child associates a negative or 

painful event with a neutral feeding stimulus. This aversive conditioning can be 

triggered by medical, physical, sensory or environmental stimuli. For example 

whenever the nipple is presented, pain is experienced concurrently (operant). The 

nipple comes to represent pain, although reflux, not the nipple, causes the pain. 

In time, this conditioned response results in avoidance behavior such as arching 

to refuse the nipple. Refusing the nipple does not reduce the pain, but arching 

does (classical). This scenario describes a combination of classical and operant 

conditioning.

Case: Aversive conditioning developed as a result of medical/physical 

concerns

  Jonathan was a young infant who had reflux and arched in pain, pulling away 

from the nipple repeatedly throughout feedings. Eventually he ate very small 

quantities and then fell asleep. In this scenario, the child experienced pain 

regularly during feeding and began to associate the two. Ultimately, feeding 

was equated with pain in his mind and he chose to avoid it altogether. The 

association could be diagrammed as follows:

Classical Conditioning: feeding = pain   pull away

Operant Conditioning:  pull away (food refusal)   pain reduction 

(escape)

That pain occurred concurrently with the feeding is an example of classical 

conditioning. Operant conditioning occurred when the behavior (food refusal) 

was followed by a reinforcing event (pain reduction) that increased the 

likelihood that behavior would occur again in the future. Both classical and 

operant conditioning occurred, as is usually the case.

Results of Non-Treatment

In the example above, the situation was treated as a medical concern only. This is 

typical when reflux is the only presenting concern, because many children with no 

other complicating factors outgrow reflux with time. By using medication to reduce 

the reflux episodes, only the classical conditioning had an opportunity to be reduced. 
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The operant conditioning was still in place. When food refusal was well established 

and the child was formally diagnosed with failure to thrive, he was referred to 

a feeding team with a behaviorist. At this point a long and arduous process of 

systematic desensitization, reinforcement, escape extinction, and careful pain 

management was needed to progress his oral feeding.

Case:  Aversive conditioning as a result of sensory and motor concerns

  Charlotte was a young child with sensory, physical, and environmental factors 

that conditioned her to avoid eating. Charlotte came from a poor socio- 

economic background. She was never evaluated for developmental concerns. 

Because she was significantly underweight, she was referred for a behavioral 

feeding evaluation. The physician saw no need for a developmental or sensory 

evaluation because there were many foods that “she ate when she felt like it.” 

  A comprehensive evaluation was conducted according to the policy of the 

feeding team. During the evaluation, Charlotte initially refused to eat. She 

turned her head and tried to get out of her chair. Her mother talked to her, 

gently encouraging her to eat and trying to play games to amuse and distract 

her during the feeding trial. She eventually ate several very large bites of 

soft foods, and then began to refuse all food again. She avoided hard and 

crunchy foods and smooth foods, like whipped cream and ranch dressing. 

She sat very straight in her chair and her fingers splayed when smooth foods 

were introduced. She didn’t chew very effectively and “pocketed” foods in 

her cheeks. Several very subtle gags were noted, as was a hypoactive gag 

response during an inter-oral examination. 

Observation during play suggested poor quality of movement. A sensory 

history was taken and a developmental observation was completed which 

revealed significant sensory processing difficulties, inability to move in 

flexion, and poor oral motor skills. A diagram of Charlotte’s feeding behaviors 

includes:

food textures = discomfort

swallowing = gag/panic

eating = gag/panic/discomfort

refusal behaviors=attention/toys/escape

For Charlotte, as with many children, there were sensory and physical reasons for 

her food refusal. At the same time, her caregivers had adapted to her behavior in a 

way that provided for environmental reinforcement for her food refusal. Once again, 
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both classical and operant conditioning were well established by the time the referral 

was received. The next section will explore how Charlotte’s environment served to 

strengthen her refusal behaviors, although it did not cause them.

Environmental Reinforcement

While there are often physical, medical, or sensory causes for a child’s initial food 

selectivity and refusal, what happens in the environment as a result of that food 

refusal is equally important. There are four environmental variables that tend to 

maintain both positive and negative behaviors (1). By observing what happens 

immediately before and after food refusal and food acceptance, we can begin to get 

an idea of how these variables might be influencing behavior.

1. Attention as a reinforcer for food refusal

Although Charlotte had developmental and sensory reasons for avoiding food, other 

variables were operating. Charlotte received more attention for food refusal than 

for food acceptance. In the research literature, attention has been proven to be a 

powerful reinforcer of both desirable and undesirable behaviors across many settings 

and populations. Attention, for these purposes, is defined as eye contact, touch, 

speech, or increased proximity. When Charlotte was being fed by her mother, the 

following pattern occurred repeatedly:

• Mom puts the food on Charlotte’s tray (neutral)

• Charlotte turns her head (food refusal)

• Mom holds up the spoon and says, “Take a bite honey” (attention: eyes, speech)

• Charlotte turns her head (food refusal)

• Mom leans forward (attention: increased proximity)

• Mom looks, turns Charlotte’s chin back (attention: touch)

• Mom looks Charlotte in the eye (attention: eye contact)

• Mom says, “Take a bite honey” (attention: speech)

• This pattern is repeated several times (attention for food refusal)

• Charlotte takes a bite (food acceptance)

• Mom turns from Charlotte to reload the spoon (removal of attention)

Charlotte’s story is very common. The unintended misuse of attention contributes to 

the maintenance of many feeding difficulties. Attempts at encouraging, coaxing and 

reminding can all result in behavior that is maintained by high levels of attention. 

Once the child takes a bite, parents tend to give themselves and the child a “break,” 

thereby reducing attention for the very behavior they would like to see increased. 
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Parents and professionals routinely and inadvertently reward non-compliance and 

food refusal with attention, and punish compliance and food acceptance through the 

withdrawal of attention (1).

2. Escape: the avoidance of a non-preferred task

Almost all children treated for feeding dysfunction have already developed refusal 

behaviors. Avoiding something unpleasant is a powerful reinforcer. In many 

situations, this escape, also called negative reinforcement, will maintain the 

avoidance behavior regardless of how well contingent attention is utilized (3,4). 

(Negative reinforcement is defined as increasing a behavior by removing something 

aversive, contingent upon the occurrence of the behavior.) An illustration follows:

• Sarah turns her head when a spoonful of food is presented (food refusal)

• Mom removes the spoon, and removes a little of the food (escape)

• Sarah looks at mom again (pre-skill for feeding)

• Mom presents the spoon (punishment for looking at mom)

• Sarah turns her head again (food refusal)

• Mom coaxes Sarah (attention for food refusal)

• Mom takes Sarah’s chin and forces the food into her mouth (aversive 

conditioning)

• Sarah swallows the bite (food acceptance)

• Mom presents another bite (punishment for food acceptance)

It is difficult to avoid reinforcing food refusal with escape. Force-feeding merely 

increases the aversive conditioning. Allowing the child to avoid the food gives the 

child escape, thereby reinforcing food refusal. When we tell a child, “You may leave 

time-out when you are quiet,” we are using negative reinforcement (escape from 

time-out) contingent upon the occurrence of the target behavior (quiet behavior) (3).

3. Tangible reinforcement of food refusal: providing an item or activity 
when the child engages in avoidance of a non-preferred feeding task (1)

During feeding, this type of reinforcement usually occurs in combination with escape 

or attention. When a child refuses to eat, the parent allows her to leave the feeding 

setting and then provides a comfort toy or a comfort food. For Ben, the tangible 

reinforcer was a cloth diaper that he used as a security blanket. He had severe reflux 

as an infant and the cloth diaper was used to clean his mouth. Every time the reflux 

ended, the diaper was presented. He began to act as though the diaper caused 

the reflux to end. During a reflux episode, he would reach for the diaper. Later, he 

received a g-tube and a fundoplication. During any stress, including the presentation 

of food, Ben reached for the diaper and covered his mouth with it. This diaper itself 
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was a positive tangible reinforcer, and it also allowed him to escape the food, thereby 

operating as a negative reinforcer. For many children, the tangible reinforcer is the 

bottle. This is offered whenever they refuse other foods, because the parents are 

rightly concerned about providing adequate nutrition.

4. Internal events as reinforcers of food refusal: Unobservable events, not 
occurring in the external environment, which occur immediately following a 
feeding behavior.

The most common example of internal reinforcement in feeding dysfunction is a self-

injurious behavior such as self-induced vomiting. If a child is experiencing significant 

gastrointestinal pain, self-induced vomiting often results in comfort. Such behaviors 

occur with equal frequency whether or not there are other possible reinforcers 

available. The “litmus test” for an internal reinforcer is its occurrence when the 

child is alone and the behavior causes no change in the external environment, ie, 

no one comes or even notices that the behavior has occurred. Another hallmark 

is its resistance to change based on any behavioral interventions (1). A painful or 

unpleasant internal event can be overlooked or misinterpreted because of the child’s 

response.

Case: Self-injurious behavior

  Nina had spina bifida and banged her head every time she was put into the 

highchair to eat. She also refused most foods. To make the headbanging 

stop, her parents removed her from the highchair and removed the food. This 

would appear to be a classic example of escape as the function of the head-

banging behavior. She also banged her head randomly throughout the day 

and sometimes at night. She headbanged when she was angry or frustrated 

as well. Several different behavioral plans were put in place to address the 

different functions of her behavior. They successfully eliminated most of her 

headbanging except that which occurred in the highchair. Ultimately it was 

discovered that her shunt needed to be replaced and that her position in the 

highchair increased the pain caused by the intercranial pressure of the mal-

functioning shunt. After the shunt surgery, headbanging in the highchair only 

occurred when she was finished eating or was presented with a non-preferred 

food.

The example above highlights the need for an interdisciplinary approach to treating 

behavioral issues. The medical concerns of children with special needs are too easily 

misinterpreted. A summary of the most typical reinforcers for food refusal and their 

indications is included in Table 7-1.
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Collecting Data for a Functional Assessment
A functional assessment is a data-driven approach that is based on the response of 

the child to variables in the environment. These variables include, but are not limited 

to attention, escape, tangible items, environmental structures, timing and pacing, 

individuals present, and internal events such as pain or reflux. It is a methodical 

approach that identifies what the child is trying to achieve through the behavior, 

and builds an intervention around that information. Data is collected in an ongoing 

manner to carefully chart progress, and adjustments are made based on the data 

collected. Strategies are individualized to the needs and abilities of the family 

while remaining technically accurate. This approach presupposes that the primary 

caregivers are both able and willing to follow through with recommendations. It is a 

goal-oriented, time-limited, and cost-effective approach for the right population (5).

Taking a comprehensive history and conducting a complete and thorough 

developmental and sensory evaluation are essential components of a functional 

assessment for feeding dysfunction. It is important to listen carefully to parents as 

they describe what mealtimes look like and how they differ from each other and 

from mealtimes in the past. It is also necessary to observe one or more feedings to 

gather data on the observed behaviors and interactions. This is called a structured 

observation. During these observations, which are typically videotaped, a team 

often utilizes a simple ABC chart to collect information on the function of the 

target behavior (6,7). A sample chart is provided as Table 9-2. The “A” stands for 

antecedent and refers to what occurred immediately before the target behavior. 

The “B” stands for the behavior, carefully and objectively defined. The “C” stands 

for consequence and refers to what occurred immediately after the target behavior. 

Using Charlotte as an example, behavior can be charted as follows:

Antecedent Behavior Consequence
Mom puts the food on 
Charlotte’s tray

Charlotte turns her head 
(food refusal)

Mom holds up the spoon and 
says, “Take a bite, honey” 
(attention)

Mom presents spoon Charlotte turns her head 
(food refusal)

Mom leans forward and turns 
Charlotte’s chin, looks her in 
the eye and says, “Take a bite, 
honey.” (attention)

Mom points to some food on 
the tray and says, “Yummy!”

Charlotte turns her head 
(food refusal)

Mom leans forward, turns 
Charlotte’s chin, looks her in the 
eye, and says, “Come on, you can 
do it! It’s easy!” (attention)

This pattern repeats itself with minor variations about 6 times.
Mom points to the food Charlotte takes a bite (food 

acceptance)
Mom turns from Charlotte 
to reload spoon (removal of 
attention)
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The likely function of the behavior becomes clear when an ABC chart is used. At this 

point we have a strong hypothesis that attention is one of the reinforcing variables. 

The fact that Mom did not remove the spoon suggests that escape may not be the 

primary function of the behavior. However, when Charlotte turned her head, she 

did in fact avoid taking a bite. The hypothesis of escape as one of the functions of 

her refusal behavior is supported by her medical and developmental history. There 

was reported information that indicated sensory and motor problems that have the 

potential to make feeding unpleasant. That which is unpleasant is often avoided. Her 

behavior resulted in both escape and attention. On a practical level, we must operate 

as though both reinforcers are helping to maintain the behavior and our intervention 

would address both escape and attention (1).

Since several reinforcers may be operating, an appropriate intervention will address 

all functions suggested by the data. For example, an intervention for Charlotte would 

need to include components from the protocols for internal events, attention, and 

escape. Below are several examples of interventions based on the hypothesized 

function of the food refusal. Because escape is a likely function in almost all feeding 

dysfunction, the most complete sample intervention is included under its heading.

Developing Intervention Plans
Intervention plans are developed with data gathered during the functional 

assessment process. The interventions are based on teaching and reinforcing 

replacement behaviors so that, theoretically, the child drops the old behavior 

because it no longer works as efficiently and effectively as the replacement behavior 

(1). Steps 1-4 below are included in all interventions.

1. Baseline data must be collected to identify the tasks and the duration of trials 

that a child can tolerate without becoming distressed. Task analysis is then 

used to break the goal behavior down into many smaller steps, called sub-

skills. Individual intervention is begun at a subskill that is easy for the child 

and unlikely to trigger severe escape behaviors.

2. Seating, positioning, food selection, oral-motor skill development, medication, 

and other components specific to the child must be addressed to reduce the 

aversive (punishing) elements of the mealtime setting.

3. An assessment must be conducted to identify highly preferred reinforcers (8). 

When reinforcers are varied and rotated randomly, their effectiveness is en-

hanced. Identified reinforcers, on a random rotation basis, are used to reward 

behaviors already in the child’s repertoire. This builds behavioral momentum 
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and helps maintain the child’s interest in the process. Only after reinforcing 

easy behaviors, does work begin on the targeted behaviors. Sometimes the 

only behavior the child can exhibit without displaying distress is to look at the 

food or to touch a small piece of food. This is then referred to as a previously 

mastered behavior. The next subskill that the child needs to master is referred 

to as the targeted behavior.

4. The next step is to elicit the targeted behavior from the child through mod-

eling and a least-to-most prompting paradigm. This entails giving the least 

amount of assistance required to gain the targeted response. Demonstrating, 

tapping the item, touching the child’s elbow, guiding the child’s hand, or using 

hand-over-hand modeling are all different levels of prompting. The therapist 

must be careful not to provide attention or a delay in the completion of the 

behavior, otherwise, she risks reinforcing avoidance through escape or contin-

gent attention.

Examples of interventions for specific behavior challenges are described below.

Internal Events: avoiding the development of food refusal when 
pain or discomfort accompanies feeding.

In the first example, baby Jonathan refused food because of pain triggers. 

Without behavioral intervention, attention or escape may end up maintaining or 

strengthening this behavior even if the medical conditions causing the pain are 

resolved. Rather than waiting for entrenched food refusal to develop, treatment 

could have been started at the first refusal of food during a feeding, the first episode 

of pulling away. With careful data collection and analysis of the data, a behaviorist 

would have determined the antecedents, cues, frequency, latency and duration of 

pain episodes. Steps would have been taken to identify medications, positions, times, 

settings, and duration of feeds that decreased the frequency of pain episodes.

The feeding could have been structured to maximize the likelihood that pain would 

have occurred primarily when the child was off the nipple. When a pain episode did 

occur during a feeding, pain management strategies could have been implemented 

that did not include escape from the nipple. Examples of pain management strategies 

include changes in positioning, in the rate of flow from the nipple, and movement 

during feeding. Increasing the social and sensory reinforcers available during a 

feeding would have helped to maintain the nippling behavior. In combination, these 

strategies often reduce or eliminate the development of food refusal behaviors while 

the reflux is treated or the child outgrows it.
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Tangible Maintained Behavior: changing the timing.

Ben was given a clean cloth diaper as a comfort item after each episode of reflux or 

other anxiety. His mother was taught to make the cloth available additionally as a 

reinforcer for allowing touch to his mouth and oral stimulation activities. In this way 

the reinforcing properties of the cloth were transferred to other therapeutic activities. 

Ben learned to tolerate many of the subskills he would need to progress to oral 

feeding in the future when his medical condition was resolved. We avoided allowing 

him to develop an escape response to touch to his mouth (1).

Attention-Maintained Behavior: providing attention for food ap-
proach and ignoring food refusal.

For Charlotte, attention was more pleasant than food. Refusing food had become a 

powerful way to gain attention. One appropriate response to this difficulty is to use 

contingent attention accurately. Contingent attention is powerful. It involves paying 

attention to the behaviors targeted for increase, and ignoring the behaviors targeted 

for decrease (1).

In Charlotte’s situation, the therapist or parent would be directed to avert their eyes 

and stop talking until Charlotte displayed some type of approach response to food. 

This response might be defined initially as looking at the food or touching the food. 

Her most preferred foods would be used at first to make this approach response 

an easy one. Enthusiastic and specific praise would occur immediately upon the 

occurrence of the behavior. “Charlotte! You touched the bread! Good for you!” The 

therapist (or parent) would continue to talk to her and would touch her (if she found 

touch pleasant) as long as she continued to interact with the food. Over time, the 

required response would change based on the task analysis of the target behavior. 

Attention would be delivered only when she picked up the food, smelled it, licked 

it, or held it in her mouth. These types of carefully graduated changes are called 

shaping techniques. Eventually, only swallowing would be reinforced (3).

Modeling would be utilized to prompt each new targeted behavior. Hand-over-hand 

prompting or some lesser degree of prompting would be utilized if Charlotte did not 

exhibit the targeted behavior independently. Such prompting would be appropriate 

only if it was determined that the target behavior was an appropriately small change 

and that prompting it was unlikely to trigger significant anxiety. Adding a tangible 

reinforcer to the contingency, such as access to a preferred toy for brief intervals, 

can strengthen the effects of contingent attention (3).



112 Nutrition Interventions for Children With Special Health Care Needs

Chapter 9 - Behavior Issues Related to Feeding

Understanding contingent attention is simple. Using it correctly, however, is more 

difficult than it first appears. It goes against the typical parenting response, which is 

to instruct, explain, remind, and encourage. Few parents or professionals are able to 

master the subtleties of delivering contingent attention accurately without hands-on 

training.

Escape-Maintained Behavior: quantifying the task, breaking the task down 

into manageable steps, building behavioral momentum, reinforcing with 

escape, adding attention and/or tangible reinforcers, extinguishing escape.

Escape must be extinguished. This entails ensuring that avoidance behaviors do not 

result in a delay or removal of the task demand. If touch to the lips is the targeted 

behavior, the therapist’s finger must remain on or near the lips even during head 

turning. If a bite of food is presented, it is not removed until a bite is taken. This 

is only possible when the target behavior is a very small step up from a previously 

mastered behavior. The child should find that compliance with the task demand 

is easier than waiting, and that the reinforcer is powerful enough to override the 

conditioned aversion.

Using escape extinction in isolation can trigger intense anxiety and a fight or flight 

response on the part of the child. Escape extinction should only be implemented 

within the context of a complete intervention package which includes a functional 

assessment, task analysis, targeted replacement behavior, an intense reinforcement 

plan and behavioral momentum paradigm (9).

Since escape is a likely reinforcer for many children who engage in food refusal, it 

is important to demonstrate to the child in a concrete way, exactly what is required 

to gain escape. This is called quantifying the task. If the child is cooperative, 

therapists tend to try to get “just a little more” progress. This punishes the child 

for cooperating. A more effective approach is to make the goal very small and 

attainable, and then indicate to the child how long, or how often she must exhibit 

the behavior to gain escape. Singing a phrase from a song while providing oral 

stimulation indicates that the task is over when the song phrase is over. Stopping 

at the end of the song builds confidence in the child that escape can be attained 

through cooperation fairly easily. Using a timer, singing, and counting are all methods 

of quantifying the duration of a single task. Always stopping a trial at the expected 

interval builds predictability and therefore, cooperation in the child.

If the goal is to have the child touch a food item, the therapist can have a plate 

clearly visible to the child, with a small number of pieces of food. The food item is 

removed as soon as the child touches it.
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Reinforcement is most powerful when it is delivered instantly. If escape is provided 

quickly when the child exhibits the targeted behavior, the behavior following the 

target behavior (which may be an avoidance response such as crying, head turning, 

or gagging) is not reinforced.

As a general rule, reinforcement should be five times more powerful than the 

targeted behavior. Implementing this can be somewhat subjective. The reinforcer 

can be made to last five times longer, or it can be delivered with a great deal of 

enthusiasm, or the quality of the reinforcer can be increased. However, a child should 

not struggle for three minutes to swallow a new taste or texture and then be given 

only a five second interval of reinforcement in the form of social praise. 

Once the child exhibits the first targeted behavior without hesitation, on eight out of 

ten trials, for three consecutive sessions, it is time to change the targeted behavior. 

A trial may last only seconds or the entire length of a session. A session may last 

from 3 to 30 minutes depending on the targeted behavior. Perhaps the first targeted 

behavior was to accept touch from the therapist’s finger to the lips for five seconds. 

The second targeted behavior may be to increase the duration of the touch, or it may 

be to move the touch from the lips to the teeth, or it may be to have the child accept 

the same touch from the parent (1).

The protocol above is a simplified explanation of what an effective intervention 

might look like. Developing such a program should be done with the collaboration 

of a behaviorist experienced in treating feeding dysfunction. A quick behavior plan 

checklist is included in Table 7-3 to help evaluate whether or not the most obvious 

needs are included in an intervention plan.

It is important to note that, for some families, carefully designed intervention 

strategies and adequate training in their implementation are not sufficient. 

Sometimes there are significant family dynamic issues that prevent the parent from 

having the ability or motivation to follow through with recommendations. Other 

times, a parent is motivated to maintain the current situation for reasons outside 

the feeding arena. In these situations there are usually multiple difficult behaviors 

present in the environment and multiple providers frustrated with an inability to 

make progress in any area of concern. With these circumstances, we have found 

it most effective to refer the family to a counselor or a social worker with a family 

therapy approach to deal with other underlying issues. Most family counselors and 

social workers utilize a family systems or cognitive-behavioral approach which is 

different from the applied behavior analysis and functional assessment approach. 

Once the family is more stable, a highly focused behavior approach can be used 

to address the specific behaviors causing feeding dysfunction. A skilled pediatric 

psychologist with expertise in feeding may be able to provide intervention that 
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addresses both dysfunctional family dynamics as well as implement a behavioral 

feeding intervention. If nutritional status, failure-to-thrive, or other medical issues 

are significantly problematic, inpatient treatment for the child may be indicated. 

While feeding may initially be handled by an inter-disciplinary team of hospital 

clinicians, the primary caregiver should ultimately receive direct practice in utilizing 

new feeding patterns with the child prior to discharge (10).

Table 9-1: Typical Reinforcers for Eating or Food Refusal

Example Most likely to occur when… Least likely to occur when…

Reinforcer: Tangible

• getting a kiss
• getting a new toy
• distraction
• changing of 

activities
• bandaid
• food/drink
• comfort item

• this is the most effective way 
to ensure that the tangible 
item will be provided

• the tangible item has been 
provided in the past for this 
behavior

• the tangible item is not readily 
available

• something in the environment 
leads the child to believe that 
the item is about to become 
less readily available

• the tangible item is 
readily available

• the item has never 
been provided after this 
behavior

• there is an easier and 
equally reliable way to 
gain access to the item

Reinforcer: Internal – Generally, no pattern to occurrence or the pattern is relative to sleep or 
medication schedule.

• facial grimace
• muscle contraction/

extension
• random self-

injurious behavior
• behaviors designed 

to access deep 
pressure (in the 
form of physical 
assistance or 
restraining)

• child is alone and no one is 
likely to respond

• no pattern to occurrence
• in the midst of a preferred, low 

demand, high attention activity
• high level of sensory input
• low level of sensory input
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Example Most likely to occur when… Least likely to occur when…

Reinforcer: Attention

(Adult’s Behavior)

• encouraging
• looking at the child
• talking to the child
• explaining
• approaching
• touching
• taking to time-out
• helping
• wiping nose or eyes
• repeating
• asking
• scolding

• attention is diverted from child
• adult is occupied with a task
• attention was briefly removed
• a more high quality attention 

can be gained
• another individual enters who 

has diverted attention in the 
past

• some change occurs in the 
environment which signals the 
child that attention is about to 
be diverted

• it has resulted in attention in 
the past

• child is receiving one-on-
one attention

• the environment is free 
of anything that might 
lead the child to believe 
that the attention might 
be interrupted

• high quality attention is 
as reliably, easily, and 
quickly available through 
some other low-effort 
behavior and the child 
has used it often in the 
past

Reinforcer: Escape

(Child’s Behavior)

• ignoring
• not doing the task
• screaming
• being sent to time-

out
• turning away
• being passive
• doing it poorly
• self-injury
• aggression
• charming behavior
• asking questions
• changing positions
• going to the 

bathroom
• vomiting

• a non-preferred activity is 
occurring

• a task is presented
• a request is made
• something in the environment 

leads the child to believe a task 
or request will be presented

• the environment is unpleasant 
to the child (sensory overload)

• a non-preferred activity has 
occurred in the setting in the 
past

• the behavior has resulted in 
escape in the past

• the child is engaged in 
an activity of his own 
choosing

• the environment is free 
of anything that might 
lead the child to believe 
that a request will be 
made or a non-preferred 
activity might occur

• there is an alternative 
way to avoid or escape 
the setting, activity, 
or task that is just as 
reliable, quick, and 
easy…and the child has 
used it effectively in the 
past
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Table 9-3: Quick Behavior Intervention Plan Checklist for 
Feeding Dysfunction

Have you defined the target behavior and the behavior you would rather see 

instead?

Have you considered how often, when, where, and with whom the behavior does/

doesn’t occur most frequently?

Have you considered medical complications?

Have you attempted to reduce or eliminate the punishing aspects of the feeding 

as much as possible through changes in position, medication, mealtime, volume, 

taste, texture, and timing of tubed boluses?

Do you have a hypothesis about the goal of the behavior? Does your intervention 

match all of your hypotheses?

Do you plan to teach and reinforce the replacement behavior with 

developmentally appropriate strategies, which may include prompting, modeling, 

mirroring, and/or representational play?

Do you know what the child really likes and is willing to work for?

Is the reinforcement plan appropriate? (intensity, duration etc.)

Are your reinforcers novel and powerful enough to compete with the reinforcer(s) 

currently maintaining the misbehavior?

Does the child know how long the task will take?

Does the child know how many times s/he will have to repeat the task?

Do you avoid punishing good behavior through an increase in demands?

Do you wait 15 seconds for compliance?

Can you change the environment to reduce opportunities for misbehavior?

Are you providing choices, structure and routine to give the child appropriate 

opportunities to exercise control?

Have you faded your supports and prompts gradually to ensure success?
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Does this child have the necessary subskills?

Are you reinforcing easy tasks to build momentum during each session, before 

moving to the target task?

Are you moving through the subskills slowly enough to ensure success and 

compliance?

Are you careful not to inadvertently ignore appropriate behavior?

Are you careful not to talk or make eye contact during misbehavior?

Are you careful not to repeat instructions when you get no response?

Are you careful to ignore misbehavior without allowing escape?

Do you know this child’s escalation pattern?

Do you intervene early in the escalation cycle by reinforcing previous subskills to 

rebuild momentum?

Do you give enough time/space for de-escalation between trials?

Reprinted with permission from Ginny Cronin
Child Behavior Services, 1999
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Chapter 10

enteral Feeding (tube Feeding)
Annette Pederson, MS, RD, CD

Enteral tube feeding is used for infants and children who have a functioning 

gastrointestinal tract but are unable to meet their nutrition needs orally. Conditions 

that may require enteral feeding are numerous:

•	 Gastrointestinal disorders, such as disorders of absorption, digestion, utilization, 

secretion, and storage of nutrients; and including anatomic disruptions such as 

tracheoesophageal	fistula

•	 Inability to meet nutrition needs orally or safely by mouth, including 

neuromuscular disorders, such as muscular dystrophy, spinal cord defects, and 

cerebral palsy or damage to the central nervous system that can cause oral-

motor problems

•	 Increased energy/nutrition needs due to cardiopulmonary disorders and other 

conditions,	such	as	cystic	fibrosis,	burns,	cancer,	prematurity,	chronic	lung	

disease, catch up growth, and failure to thrive

Enteral feeding can play a role in both short-term rehabilitation and long-term 

nutrition management. The extent of its use ranges from supportive therapy, in 

which the tube delivers a portion of the needed nutrients, to primary therapy, in 

which the tube delivers all the necessary nutrients. Most children who receive tube 

feedings	can	continue	to	receive	oral	feedings	to	fulfill	the	pleasurable	and	social	

aspects of eating. All infants and young children require oral-motor stimulation for 

developmental reasons.

Tube	feeding	benefits	the	child	by	improving	growth	and	nutritional	status	and	

frequently improves the primary condition. By ensuring that the child’s nutrient 

needs are being met, tube feeding can free the family from anxiety and therefore 

improve	quality	of	life.	Additional	benefits	can	include	improved	hydration,	improved	

bowel function, and consistent medication dosage. Tube feeding is an important 

therapy for the child who cannot orally feed safely and needs to be fed by enteral 

tube to protect his airways and prevent or decrease the risk of aspiration. Tube 

feeding is a safer and less expensive alternative to oral feeding than total parental 

nutrition (1).

There are disadvantages to enteral feedings. If a child has gastroesophageal 

reflux,	aggressive	enteral	feeding	may	increase	his	risk	of	aspiration	or	vomiting.	
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Other possible physical disadvantages are diarrhea, skin breakdown, or stoma site 

granulation/infection. Mechanical disadvantages can be a dislodged or occluded 

feeding tube (1-6).

Children who are either malnourished or at high risk for becoming malnourished can 

benefit	from	tube	feeding.	When	one	or	more	of	the	following	factors	are	identified,	

tube feeding should be considered after other aggressive oral interventions have 

been tried (1,6):

•	 Inability to consume at least 80% of energy needs by mouth

•	 Total feeding time more than four hours per day

•	 Inadequate growth or weight gain for more than one month (under age 2 years)

•	 Weight loss or no weight gain for a period of three months (over age 2 years)

•	 Weight for length or Body Mass Index (BMI) less than 5th percentile for age/sex

•	 Triceps skinfold less than 5th percentile for age

An interdisciplinary team should decide whether or not to begin tube feeding. At 

a minimum, the team should include the child’s caregivers, the primary physician, 

the surgeon, and the registered dietitian (RD). If the child has oral motor feeding 

problems, the team should also include an occupational or speech therapist. Before 

tube feeding is started, the child needs a medical work-up for the following purposes:

•	 To rule out contraindications for enteral feeding (e.g., malabsorptive disease)

•	 To	diagnose	possible	gastrointestinal	problems	(e.g.,	gastroesophageal	reflux,	risk	

of aspiration)

•	 To determine the optimal delivery site for the feeding (e.g., stomach, duodenum, 

or jejunum)

•	 To determine an appropriate program for oral-motor stimulation

The feeding tube may be placed through the mouth or nose such as for gavage or 

nasogastric (NG) feedings. A gastrostomy is placed surgically or by percutaneous 

endoscopic gastrostomy (PEG). The choice of placement depends on many factors 

(1-6):

•	 Expected duration of the need for tube feeding (generally, NG feeding tubes are 

used for short periods of time only)

•	 Local resources for dealing with possible complications

•	 Family’s ability to learn the feeding technique required by the particular 

placement

•	 Preference of the caregiver(s)

Oral-motor problems may improve with development, time, and treatment. All 

enteral feeding techniques are reversible. Discontinuation of enteral feedings 

requires the same careful planning and often the same detailed work-up that go into 

the decision to start it.
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The remainder of this section is presented in two parts: guidelines for determining 

when enteral feeding is necessary (Table 10-1) and guidelines for evaluating the 

patient who is being tube-fed (Table 10-2). The details of the enteral feeding 

process, including possible complications, are discussed in Appendix N.
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Chapter 11

Community Monitoring of the patient 
on home parenteral Nutrition
Kathryn L. Hunt, RD, CD

Parenteral nutrition (PN) is needed when the patient’s gastrointestinal tract will not 

sustain life or when a child is unable to tolerate enteral feedings for a significant 

period of time.  PN may be administered for weeks or months, as may be required 

for children with nutritional depletion from certain diseases, or for years, as may 

be required for children with severe short bowel syndrome (1). However severe 

or significant the need, PN is now an accepted form of therapy with life-saving 

capacities for pediatric patients.  Indications for home parenteral nutrition for 

pediatric patients are listed below.

• Short bowel syndrome 

• Intestinal motility disorders (e.g., pseudo-obstruction)

• Inflammatory bowel disease (e.g., Crohn’s disease, ulcerative colitis)

• Hypermetabolic states (e.g., severe burns and trauma)

• Acute and chronic pancreatitis

• Special circumstances (e.g., hepatic failure, cancer, congenital villous atrophy)

• Unexplained intestinal malabsorption syndromes

The goal of the health care team in managing the pediatric patient on PN is to 

provide a solution of carbohydrate, protein, and fat that will achieve a positive 

nitrogen balance for growth, increase the patient’s weight, and improve clinical 

outcome.  The solution should also contain appropriate amounts of electrolytes, 

vitamins, minerals, and trace elements to maintain balance within the patient’s body 

and prevent nutrient deficiencies (2). Despite its life-saving capacities, PN has risks 

and potential consequences, including liver damage from overfeeding, biliary sludge 

from absence of enteral nutrition, and catheter-related sepsis (3).  To minimize 

these risks and to prevent other complications, the patient receiving PN should be 

transitioned to enteral feeding at the earliest opportunity (4).   This requires close 

monitoring and regular re-evaluation by the health care team.

In general, PN regimens (including solution composition) are established in the 

hospital, where the patient’s metabolic response and tolerance can be monitored 

closely (5).  After discharge, it is important to continue to monitor response to PN 
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and regularly re-assess nutrient needs.  Guidelines for the technical aspects of PN, 

including complications of PN, are provided in Appendix O.

The remainder of this section presents the basic guidelines for monitoring a 

child on home PN   Regular assessment and monitoring by a team of health 

care professionals, physician, pharmacist, and registered dietitian (RD), with PN 

experience is essential.  Coordination of care between the ordering physician, and 

home care company is vital.
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Chapter 12

accommodating Children With Special 
Dietary Needs in School Nutrition 
programs
Betty Marcelynas, MA, RD and Bette Brandis, RD
Updated by Donna Parsons, MS, RD

It has been estimated that 15% of all students have special health care needs (1). 

Case studies conducted in eight school districts have shown that most school food 

service managers serve at least one student with special nutrition needs in their 

school on a regular basis (2).

Some students attend special education classes due to developmental disabilities, 

while others with arthritis, pulmonary disease, lactose intolerance, diabetes, and 

inborn errors of metabolism (e.g. PKU, galactosemia) may attend regular classes. 

The medical conditions reported most frequently by schools include food allergies, 

diabetes, and a variety of disorders that require modifications to the texture of food 

(2).

Legislation
Several federal laws have been passed with the intent of ensuring that all enrolled 

students, regardless of disability, have access to meals served at school and, that 

those students eligible for free or reduced-price meals receive them. Under Section 

504 of the Rehabilitation Act of 1973 and the Americans with Disabilities Act (ADA), 

a “person with a disability” is defined as anyone who has a physical or mental 

impairment that substantially limits one or more major life activities, has a record of 

such an impairment, or is regarded as having such an impairment (3).

Major life activities covered by this definition include caring for one’s self, eating, 

performing manual tasks, walking, seeing, hearing, speaking, breathing, learning, 

and working (3).

One effect of these laws and the Individuals with Disabilities Education Act (IDEA, 

1990) has been an increase in the number of children with disabilities who are being 
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educated in regular school classrooms. Often, the disability prevents the child from 

eating meals prepared for the general school population. Students with special 

nutritional needs usually have the same or greater nutritional needs as students 

without physical disabilities; however, they may have a difficult time meetings those 

needs (1).

School Food Service Requirements
Students who may need modified or special meals can be classified in two major 

categories: 1) those who are unable to eat regular school meals because of a 

disability and 2) those who have a chronic medical condition but are not determined 

to have a disability. A sample order form that a physician or recognized medical 

authority may use for students with disabilities or a chronic medical condition to 

modify a diet is included (Appendix P).

Students with Disabilities

The US Department of Agriculture’s (USDA) nondiscrimination regulation (4), as 

well as the regulations governing the National School Lunch Program (5) and School 

Breakfast Program (6), make it clear that substitutions to the regular meal must be 

made for students who are unable to eat school meals because of their disabilities 

when that need is certified by a statement or order signed by a recognized medical 

authority.

The order must include (3):

• The student’s disability and an explanation of why the disability restricts diet

• The major life activity affected by the disability

• The food or foods to be omitted from the student’s diet and the food or choice of 

foods to be substituted

Students with Chronic Medical Conditions

For a student without a disability, but with a chronic medical condition that requires a 

special diet, an order signed by a recognized medical authority must be provided. (In 

Washington State a recognized medical authority is defined as a physician, licensed 

physician’s assistant, an advanced registered nurse practitioner (ARNP), or a licensed 

Naturopathic Physician).

This order must include:

• Identification of the medical or other special need which restricts the child’s diet

• The food or foods to be omitted from the child’s diet and the food or choice of 
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foods that may be substituted (e.g. texture changes and foods substitutions) (7)

Other items that may be included in orders for children with disabilities or chronic 

medical conditions are:

• Whether the allergy/medical condition is temporary or permanent. (A permanent 

note will relieve the family from updating this information every year.)

• The location for maintaining this documentation to ensure that it accompanies the 

student should she transfer to another school or district

Students with Other Special Dietary Needs

Schools may make food substitutions, at their discretion, for individual students 

who do not have a disability, but who are medically certified as having a special 

medical or dietary need. Such determinations are made only on a case-by-case basis 

and must be supported by a statement or order that specifies the food substitution 

needed and is signed by a recognized medical authority.

This provision covers those children who have food intolerances or allergies, but do 

not have life-threatening reactions (anaphylactic reactions) when exposed to the 

foods to which they are allergic. Generally, children with food allergies or intolerances 

do not have a disability as defined under USDA’s regulations and school food 

authorities may, but are not required to, make substitutions for them.

However, when in the physician’s assessment, food allergies may result in severe, 

life-threatening (anaphylactic) reactions, the student’s condition would meet the 

definition of disability and the substitutions ordered by the physician must be made 

(6).

Schools are not required to make modifications to meals due to personal opinions of 

the family regarding “healthful” diets.

Students with Individualized Education Plans

Many students with special needs will have an Individualized Education Plan (IEP) or 

an Individualized Family Service Plan (IFSP). These are plans for students receiving 

special education and related services to help the student benefit the most from the 

school program. The services described in the IEP or IFSP may include special meals, 

supported by a diet order. The food service director or manager is responsible for 

providing meals as described in the diet order, but is not responsible for revising, 

changing, or interpreting the diet order (7). Examples of IEP nutrition-related goals 

that are written in collaboration with the child’s nutrition team and parents are 

outlined in Appendix Q.
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Section 504 of the Rehabilitation Act of 1973 specifies that food service program 

administrators must serve special meals at no extra charge to students whose 

disability restricts their diet (8). There is no provision for additional federal 

reimbursement for the added expense. However, these costs are legitimate program 

costs that can be paid for out of the food service account, which includes federal 

reimbursement for meals served for these students. If federal reimbursements are 

insufficient, alternative funding sources may also be available from Medicaid and 

special education to cover some of these costs. School officials should explore all 

possible funding sources.

Nutrition Team
The team for a student with special nutritional needs often includes the principal and 

teachers, the food service director and/or staff, the child’s parents, and other health 

professionals and specialists. The team considers the needs and abilities of the 

individual student. The food service staff:

• applies basic guidelines for food preparation to meet those needs

• refers to resources, including parental input, on the proper techniques for 

preparing regular menus in a special way

• with the rest of the team, evaluates whether or not the meal plan is meeting the 

special needs of the student
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Chapter 13

Nutrition Interventions for Overweight 
and Obesity
Betty Lucas, MPH, RD, CD

National surveys indicate that the prevalence of obesity in children in the United 

States has increased dramatically over the last four decades. About 17% of school-

age children and 12% of preschool children are obese, using body mass index (BMI) 

of >95th percentile (1). An equally high percentage of the pediatric population is also 

overweight, defined as BMI between the 85th-94th percentiles. These national studies 

also show a shift of the heaviest children being markedly heavier now than in the 

past. The increase in childhood obesity is influenced by environment and genes, but 

the contributing factors are very complex (2). 

The newer BMI percentiles and categories for children are (2):

<5th   underweight

5th-84th  healthy weight

85th-95th overweight

>95th  obesity

The most recent consensus recommendations for childhood obesity focus on 

prevention, thorough assessment, and intervention (2).

For most children, weight for length/height at the 50th percentile is considered ideal, 

with an acceptable range of 10th to 90th percentile, depending on body composition 

and stability in the percentile over time. Although using the above criteria will 

identify most obese children, some children whose weight for height is at or above 

the 95th percentile may be highly muscular and not obese. Others with weight for 

height percentiles in the acceptable range could actually be “overfat”. For a child with 

cerebral palsy, the reduced muscle mass may result in a BMI of 10th-25th percentile, 

which may be appropriate considering the child’s altered body composition. In this 

example, BMI at the 50th percentile may reflect excess fat stores, and obesity should 

be assessed when BMI reaches the 75th percentile. On the other hand, for a pre-

school or school-age child with Prader-Willi syndrome, a stable weight for length or 

BMI within the 75th to 90th percentile range is considered clinically acceptable.
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An accurate diagnosis of overweight and obesity requires measurements of length 

or height, weight, a visual assessment, and previous growth data to determine 

rates of weight gain over time. This data can then be compared to norms, although 

interpretation requires professional judgment with certain conditions and diagnoses, 

since standards are not available for children with special health care needs. Either 

weight for length or BMI should be used to determine overweight or obesity along 

with other data and history. Each child’s individual diagnosis and body composition 

should be considered when evaluating overweight and/or obesity.

Overweight and obesity in children with disabilities may impair their mobility, 

balance, and ability to progress in gross motor skills. As a consequence, the child’s 

energy needs may be further reduced. Overweight children who are not ambulatory 

also require greater physical effort from family and other caregivers in their daily 

activities.

Children who have short stature and/or limited mobility are more prone to excessive 

weight gain than their typically developing peers. For non-ambulatory children, 

energy needs are 25 to 50% lower than those of ambulatory children (3). Additional 

factors that may contribute to obesity include: a family history of obesity; family 

eating patterns that result in excess energy intake; frequent snacking or lack 

of structured meals and snacks; use of food as a bribe or reward; and limited 

opportunities for physical activity (4).

Children with Prader-Willi syndrome are at high risk for obesity unless diet 

management and control of food access is consistently implemented. The risk of 

weight gain in most other conditions associated with overweight, such as spina bifida 

or Down syndrome, is related directly to the factors of short stature, limited activity 

or mobility, and energy intake. Due to the common characteristic of short stature 

in many children with developmental disabilities, assessment of energy intake and 

determination of energy needs for weight maintenance or loss should be based on 

height, e.g. kilocalories per centimeter (3,5).

Routine periodic monitoring of growth parameters allows the identification of a 

pattern of weight gain likely to result in obesity. This allows early intervention 

to correct the factors contributing to excessive weight gain before obesity is 

established. Frequent growth monitoring is especially important for children who are 

at risk for obesity.

The remainder of this chapter presents guidelines for nutrition assessment, 

intervention, and evaluation/outcome for children with obesity.
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Chapter 14

Nutrition Interventions for Failure to 
thrive
Barbara York, MS, RD and Gail Watts, MSW
Updated by Sharon Feucht, MA, RD, CD and 
Betty Lucas, MPH, RD, CD

“It seems to me that our three basic needs for food, security, and love, are 
so mixed, mingled, and intertwined that we can not think of one without the 
other.”- M.F.K. Fisher

Introduction
Children with special health care needs are at risk for failure to thrive for a number 

of reasons. Poor or delayed growth is associated with some diagnoses, and conditions 

may have developmental problems that can interfere with an adequate intake or can 

increase energy needs. The stress of a serious medical condition can put a strain on 

the parent-child feeding relationship, further placing the child with special needs at 

risk for problems with growth.

Definition of Failure to Thrive
Failure to thrive (FTT) is a medical term frequently used to describe children, 

generally up to 3 years of age, who demonstrate a downward deviation in growth 

when compared to expectations from the Centers for Disease Control (CDC) growth 

charts (1,2). There are no universally accepted diagnostic criteria for FTT, and 

there remains confusion about definitions currently used to describe this condition. 

Definitions range from vague descriptions of children whose weight is delayed in 

comparison to stature, to specific criteria such as weight moving downward across 

two standard deviations for age. While these descriptions may help identify a 

slow rate of growth, it is important to recognize that they depict anthropometric 

parameters only and offer little understanding to the overall complexity of the issues 

which have contributed to the diagnosis of failure to thrive (1,2).

Often pediatric undernutrition and growth failure originate from multiple physical and 

psychosocial factors that change over time and are most effectively treated by an 

interdisciplinary team. Growth experts warn against a broad use of anthropometric 
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descriptions which often steer practitioners toward an oversimplified and ineffective 

treatment approach. Until there are more useful diagnostic criteria, early age 

undernutrition and growth failure can be more accurately conceptualized as a clinical 

syndrome related to dynamic multifactorial issues within a child/family’s functioning 

that require interdisciplinary treatment. In this way early age growth failure is similar 

to eating disorders of older age groups (1,3).

In contrast to the confusion around definitions and diagnostic criteria for FTT, 

physiologic risk factors associated with pediatric undernutrition and the benefits 

of early intervention are clear. When a child’s nutritional intake is compromised, 

slowed weight gain is the first notable growth problem. Generally this is followed 

by a decline in the rate of linear growth and head circumference if the degree 

of malnutrition is significant or prolonged (4). The potential long-term effects 

of these delays include short stature, developmental delays, and/or suppressed 

immune function (1). Despite normal variations among children’s growth, the risk of 

undernutrition and the benefit of early intervention warrant further evaluation when 

one of the following is noted in a child’s growth pattern (1,2,4):

• failure to maintain previously established growth curve

• weight for length or height persistently below the 5th percentile.

A special situation to consider when evaluating early age growth patterns is a child 

born prematurely with a weight or length below the 5th percentile that persists 

beyond two years of age. Although a premature infant’s weight or length may remain 

significantly low for a long period of time, growth velocity may be accelerated, 

and the child’s nutrient intake may be adequate (2). Some children born small for 

gestational age (SGA) also may remain below the 5th percentile for weight or length. 

Catch-up growth potential will vary and, in part, is dependent upon the duration and 

cause of the growth retardation.

Caution is warranted when predicting a child’s growth outcome by using specific 

ethnic group charts. Data used to formulate growth charts for various ethnic 

populations can be misleading, particularly when used for children who have 

immigrated to the United States. Research has shown that immigrant children raised 

in the United States with increased access to food, grow taller than family members 

brought up in their country of origin (5). This phenomenon is also true for American 

children whose parents may have short stature in response to nutritional deprivation 

during their childhood (6). Thus, it is important to use the CDC growth charts when 

assessing the growth of children in the US.
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The Cause of Growth Failure
Historically, the origins of early age growth failure have been dichotomized as 

organic or non-organic FTT (1,2). Although this view has evolved into the complex 

understanding of mixed etiology, practitioners tend to oversimplify issues of cause as 

static rather than interrelated and evolving (1). It is important to recognize that the 

majority of children who fail to thrive do so because of multiple, interrelated factors 

that may result from the child, the parent, the parent-child relationship, and the 

many influences of extended family, culture, and community (1,2,7-10).

As the development of feeding and growth problems is better understood, the 

integral relationship between feeding and emotional development becomes clear. 

Early on, most infants positively connect internal feelings of hunger with the 

satisfying outcome of eating (8-10). Similarly, young infants begin to positively 

connect their desire for socialization and comfort with reciprocated parental gestures, 

eye contact, and soothing verbal praise. The infant who repeatedly looks into the 

blank, expressionless face of a detached, depressed parent may, over time, make 

fewer, less sustained bids for her parent’s attention even at feeding.

As the infant’s ability to communicate different needs improves, parents are better 

able to read and respond to their child’s cues. Both the parent and the child come 

to trust the positive outcome of having the infant’s needs met and the parent’s 

satisfaction in doing so. The benefits of such attunement reach beyond early infancy 

to the time when the child begins her own struggle for autonomy. Success in this 

early relationship lays the foundation for ongoing healthy interactions between a 

parent and child as they navigate future developmental stages (2,8-10).

There are numerous factors within both a parent and child’s life that may negatively 

impact early associations with food and a child’s desire to express hunger and need 

for comfort (2,7). Examples of factors pertaining to the child include prematurity, 

developmental delays, or various illnesses. Infants born prematurely often have 

immature lungs, compromised gastrointestinal absorption, and/or weak oral motor 

skills. Infants with these complications fatigue easily during feedings and are often 

unable to take in an adequate volume of food or absorb all nutrients required for 

growth without nutritional support. Other infants with low tone or developmental 

delays may be unable to communicate hunger discomfort in order to elicit a 

consistent parental response and establish a positive connection to feeding tasks or 

food. Parents of such children often report a history of a baby who seldom cries and 

does not express hunger or discomfort for other reasons.

Other common conditions include cardiac anomalies that can cause a child to fatigue 

easily during feedings and/or require restriction of fluid intake in order to avoid 
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further heart failure. Many children also suffer from varying degrees of neurological 

impairments that hinder their ability to focus on feeding tasks and/or may cause 

adverse experiences with various tastes, textures, and environmental changes. 

Finally, there are many children with feeding and growth complications who have or 

have had gastroesophageal reflux. This is a significant problem that, if left untreated, 

causes great discomfort with a child’s every attempt to feed. Many of these 

conditions occur during the first year of life and may easily bring about a negative 

association between hunger and feeding for the child. When the negative impact 

related to feeding is prolonged, infants and young children learn to ignore internal 

hunger cues and may continue to refuse food long after the initial problem has been 

resolved (6,11). (See Chapter 9.)

The challenges parents face when their child begins to reject food and doesn’t gain 

weight cannot be overstated. At the most primitive level parents fear being unable 

to adequately nurture their youngster (8,12). The child’s poor growth can bring 

on feelings of inadequacy, frustration, fear, and anger. In an effort to reverse their 

child’s growth problem, parents may resort to feeding techniques, both forceful 

and/or overwhelmingly playful (8,9). Despite the parents’ best intentions, fears 

and feelings of inadequacy may cause them to override the child’s cues for hunger 

and comfort (9,10,12). The stress of a child’s feeding problem and weight loss can 

challenge a parent and family system and bring on complex relationship issues that 

are difficult to reverse (8).

There are also a number of issues within the parents’ own experiences that may 

set the stage for discord in the parent-child relationship. Consider the mother who 

does not think of a meal as a pleasurable experience, but instead finds it a source of 

anxiety, tension and inner conflict. Whether consciously or unconsciously, she may 

avoid or minimize her time at the table (8,12). The child does not know the source of 

the mother’s conflict, but will register the tension relative to the presence of food and 

the act of eating. Unresolved issues from the mother’s past being played out in the 

present are so common they are referred to as “ghosts in the nursery” (8). Consider 

also the mother who is trying to lose weight. Her preoccupation about her own needs 

and internal hunger-satiety may prevent her from seeing the child separately, and/

or distinguishing her child’s expression of hunger and satiety from other emotional 

states such as distress (8,12). This mother may inadvertently limit the child’s food 

choices or portions. In many cases eating becomes one of several parent-child 

interactions affected by the parent’s inability to view the child as an individual with 

separate needs (8). For example, a well-intended parent whose father died of a heart 

attack may provide low fat foods regardless of the child’s needs for an energy-dense 

diet or the child’s hunger cues resulting from a low energy intake.
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Assessment and Treatment of Growth Failure
Primary care providers are encouraged to seek comprehensive evaluation from 

feeding and growth experts when a feeding or growth problem is suspected (1,7). 

The most effective assessment and intervention for growth failure is by a team of 

professionals in pediatric medicine (physicians and nurses), developmental feeding 

(specialists from occupational therapy or speech pathology), psychosocial services 

(behaviorists, social workers, psychologists, psychiatrists), and nutrition (registered 

dietitians) (1-3,7). This interdisciplinary team, along with parents/caregivers, can 

identify the factors influencing growth and prioritize interventions for the family 

and child (7). Effective intervention can focus on educating parents with regard to 

their child’s needs and modeling a positive interactive response to a child’s behavior. 

Parents may also need support to identify issues that negatively impact their ability 

to implement a treatment plan consistently (7). Intervention should also include the 

identification of issues related to the nutrition, medical and developmental needs of 

the child and selection of appropriate interventions from the family and community.

Assessing MedicAl contributors

A detailed medical history of both the child and the parents can be compared to a 

child’s growth history to identify possible medical and developmental issues that 

may negatively impact a child’s emotional and feeding development (1). Examples of 

common medical contributors (2,13):

• gastrointestinal—gastroesophageal reflux, malabsorption

• neurological—problems with sucking, chewing, swallowing

• respiratory—increased energy needs, difficulty coordinating suck-swallow-

breathing pattern

• cardiac—increased energy needs, fluid restrictions

• endocrine—alterations in appetite, increased energy needs, coordination of meals 

and insulin

See reference 1 for a more detailed review of the medical concerns related to growth 

failure.

Assessing A Feeding situAtion

When a growth problem is noted, it is important to observe a typical feeding 

situation (1,2,7,11). Growth evaluations completed without a feeding observation 

are limited to the parent’s perception of feeding and interaction problems. Feeding 

observations may take extra time and expertise, but provide a more accurate 

picture of an individual situation. They are ideally performed in a home setting, 



154 Nutrition Interventions for Children With Special Health Care Needs

Chapter 14 - Nutrition Interventions for Failure to Thrive

though valuable information may be obtained in the clinical setting (1,2,7). The 

feeding can be videotaped to replay for further evaluation, as well as to illustrate 

problematic feeding behaviors and behaviors a parent may need to alter. Particular 

attention is given to the child’s feeding pace, suck, chewing, and swallowing skills, 

feeding independence, and ability to focus and communicate hunger and satiety. 

Other factors to assess include the parent’s understanding of the child’s needs, 

ease of interaction, ability to read the child’s cues, and meal preparation skills 

(1,2,11). Feeding specialists skilled at determining a child’s feeding ability and able 

to distinguish between productive and nonproductive parent-child interactions can 

provide interventions to help a child begin to unlearn negative associations with food 

and feeding (7,11). (See Chapter 9.)

Assessing nutritionAl stAtus

A comprehensive nutrition evaluation by the registered dietitian (RD) who has 

experience in growth and feeding dynamics can provide insight to the origins 

of the child’s food struggles and the relative risk of physiological complications 

associated with undernutrition (1,2,7). The RD evaluates a child’s growth pattern, 

comparing an individual’s rate of growth and body composition to reference data. 

The RD can then determine reasonable growth goals and provide guidance about 

how to accomplish specific goals. In addition to the growth assessment, a history of 

feeding development should be obtained, including information about feeding skills, 

readiness for independent feeding, and ease of transitions to new tastes and textures 

(1,2,7). For infants, breast and bottle feeding frequency, feeding duration, suck 

strength, and formula preparation are evaluated. A 3-day diet record for the infant 

or toddler gives an approximate nutrient intake, provides information with regard 

to meal and snack routine, and can indicate the family’s use of specific diets (e.g., 

vegetarian), supplements, or alternative therapies (1,2,14). A comparison of a diet 

recall the day of a clinic visit and a three-day diet record prior to the visit may also 

indicate differences between the parent’s perception of the child’s diet and the actual 

eating pattern.

Once the initial team evaluation is complete, a conference with the family allows for 

the development of a plan that the family can use with follow-up from the team (7). 

Nutrition therapy may be as simple as instructing the parent on the child’s needs for 

greater energy density, limiting juice intake, or offering developmentally appropriate 

foods (2,7,15). Other situations may require further education and support in order 

to help parents avoid erratic feeding patterns and move toward more appropriate 

meal and snack organization (10). The RD who is experienced with eating disorders 

may also provide nutrition therapy in conjunction with psychosocial intervention for 
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parents who may need help distinguishing between their own fears and anxieties 

about food and their child’s nutritional needs.

Assessing PsychosociAl contributors

An initial assessment by the psychosocial professional is often key to other 

interventions. It can allow parents to learn about their child’s needs and also 

implement complex treatment plans consistently (7,8). Unfortunately, the 

involvement of a psychosocial professional with experience in early age eating and 

growth disorders is often viewed as the final intervention, sought only after all other 

attempts have failed.

Families may need varying levels of support/therapy. Psychosocial professionals are 

able to help parents separate their own struggles from their child’s needs and gain 

confidence in their own ability to bring about change (7). For most families, change 

is difficult to sustain. Emotional support provided by psychosocial professionals 

provides parents with an opportunity to meet their own needs so they can better 

meet their child’s needs.

Summary
FTT is a complex disorder related to multiple issues within a family system that 

change over time. While the initial growth problem may be associated with factors 

brought on by either or both the child and the parent, the continuing challenge 

of a child’s food refusal and poor growth may act to maintain feeding and growth 

problems over a long period of time. Once a feeding or growth problem is 

suspected, practitioners are encouraged to refer for interdisciplinary assessment and 

intervention in order to evaluate and treat effectively all factors influencing growth.

An interdisciplinary approach is critical even when a specialized team is not available. 

Practitioners faced with this situation are encouraged to collaborate with experienced 

providers in the community. In this way they can assess and prioritize treatment 

goals as a team as well as evaluate progress over the course of treatment. It is 

helpful to designate one provider as a primary contact person for both the family and 

other team members in order to minimize confusion about the intervention.

The remainder of this chapter (Table 14-1) presents guidelines for nutrition 

assessment, intervention, and evaluation/outcome for children with failure to thrive.
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Chapter 15

Nutrition Interventions for the 
premature Infant after Discharge
Joan Zerzan MS, RD, CD

Advances in neonatal intensive care, including respiratory management and nutrition 

support, have contributed to a dramatic increase in the survival of infants born 

prematurely and of low birth weight (LBW). See Table 15-1 for definitions. These 

infants may experience prolonged hospitalization and medical and nutritional 

complications commonly associated with their immaturity. Increasing numbers of 

“late or moderately preterm infants” are being discharged home before their due 

date. However, these infants represent considerable diversity. Some are discharged 

without any major medical complications related to prematurity. Others experience 

continuing health problems and emerging neurodevelopmental sequelae after 

discharge from the hospital. Medical and developmental complications present at 

discharge or that emerge in the post discharge period may further impact the needs 

of individual infants (1-3).

Table 15-1: Categories of Infants by Birth Weight & Gestational 
Age

Term DefInITIon

Prematurity <36 weeks gestation

Late or moderately preterm infant 33-36 weeks gestation

Low birth weight (LBW) <2500 grams or 5.5 lbs

Very low birth weight (VLBW) <1500 grams or 3.3 lbs

Extremely low birth weight (ELBW) <1000 grams or 2.2 lbs

Small for gestational age (SGA) Birth weight <10th percentile

Appropriate for gestational age (AGA) Birth weight 10th-90th percentile

Large for gestational age (LGA) Birth weight >90th percentile

Medical and Developmental Factors
Preterm infants exhibit increased morbidity and mortality when compared to term 

infants (1-3). The risk for increased morbidity and mortality is inversely related to 
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gestational age and size. Morbidity associated with the late preterm infant includes 

temperature instability, hypoglycemia, respiratory distress, feeding difficulties and 

growth failure in the immediate post discharge period (3). Complications that may 

affect nutritional needs and growth outcome are listed in Table 15-2.

Table 15-2: Complications That may Affect nutritional needs & 
Growth

Physiological 
System Affected

Possible Complications Reference in this 
volume

Respiratory Bronchopulmonary dysplasia (BPD)

Reactive airway disease (RAD)

Chapter 16

Cardiac Congenital heart disease (CHD)

Patent ductus arteriosus (PDA)

Cor Pulmonale

Chapter 18

Renal Nephrocalcinosis Chapter 19

Gastrointestinal Gastroesophageal reflux (GER)

TPN-induced cholestasis

Short bowel syndrome (SBS)

Chapter 8

Chapter 11

Chapter 20

Neurodevelopmental Developmental delays

Cerebral palsy

Learning disabilities

Vision and hearing

Chapter 8

Chapter 8

Appendix R

Hematological Anemia

Immunological Susceptibility to repeat infections, 
illnesses, and rehospitalizations

Nutrition Alteration in growth

Osteopenia

Feeding difficulties

Chapter 2

Chapter 5

Chapter 8

Growth Expectations and Assessment
During hospitalization, it is common practice to strive for “in utero” rates of 

growth (15 g/kg/day weight gain, 0.5-1.0 cm/week increase in length). After 

hospital discharge, it is unclear what represents optimal growth for the preterm 

infant. Growth data should be plotted according to the infant’s age corrected for 

prematurity. See example below for calculating corrected age:

Corrected age (CA) = Chronological age (CH) – number of weeks premature
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Example:  An infant is born at 28 weeks gestation and is now 6 months past his date 

of birth: 

Step 1: 40 – 28 = 12 weeks or 3 months premature

Step 2: 6 months – 3 months = 3 months CA

A number of growth charts have been developed for monitoring growth in preterm 

infants. See Appendix D for copies of these growth charts. The CDC growth charts 

developed for term infants are also used for monitoring growth of preterm infants 

after hospitalization. When using the CDC growth charts, growth should be plotted 

according to corrected age until approximately 2 years of age (4). See Table 15-3 for 

weight gain expectations for the first year of life.

Table 15-3: Weight Gain expectations Using Age as a Guide14

Age Population Percentile Weight Gain: 
Male

Weight Gain: 
Female

Birth-6 mos
(using CA)*

Premature infant 20-30 g/day 20-30 g/day

Birth-6 mos Term infant† 10th percentile

50th percentile

90th %ile

22 g/day

23 g/day

28 g/day

19 g/day

21 g/day

23 g/day

6-12 mos 
(using CA 
for preterm 
infants)*

Preterm and term 
infants†

10th percentile

50th percentile

90th percentile

12 g/day

13 g/day

15 g/day

12 g/day

13 g/day

14 g/day

>12 mos  
(using CA 
for preterm 
infants)*

Preterm and term 
infants†

10th percentile

50th percentile

90th percentile

7 g/day

8 g/day

9 g/day

7 g/day

8 g/day

9 g/day

* CA = corrected age 
† Calculated from CDC growth charts (10th-90th percentile)

Follow-up studies suggest that when growth parameters are plotted according to 

corrected age (CA), VLBW and ELBW infants may not achieve percentiles comparable 

to term infants of similar age; they remain smaller and lighter (4-8). Most studies 

demonstrate little “catch-up growth” for the VLBW infant between 1-3 years of age. 

Infants with chronic medical conditions may not experience “catch-up growth” until 

school age (7,8). It is important to note that the term “catch-up growth” is often 

used in a non-traditional sense, to identify infants who achieve > 10th percentile 

on growth charts. More correctly, “catch-up growth” describes an infant who 

demonstrates accelerated rates of growth following a period of growth failure. The 

infant who continues to gain 20-30 g/day after 6 months of age, or the SGA infant 
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who is more than twice his birth weight by 4 months of age, may be demonstrating 

a pattern of accelerated growth even though he remains <10th percentile in growth 

parameters.

VLBW and ELBW infants are also at increased risk for “failure to thrive” (FTT)(9,10). 

The term FTT in the traditional sense refers to failure to gain in weight and length 

at expected rates. One study identified a 21% incidence of FTT in VLBW infants in 

the first 36 months of life. The incidence of FTT peaked between 4-6 months of age. 

Preterm infants are at risk for being misidentified as having FTT when the term is 

applied in other ways (i.e., weight or length <5th percentile).

ELBW and infants with severe intrauterine growth retardation (IUGR) may 

demonstrate periods of accelerated rates of weight gain and remain <10th percentile 

in weight and length for several years. Therefore, the rate of growth and weight gain 

should be evaluated.

Nutrition Practices Associated With Growth 
Outcomes
Preterm infants are discharged from the hospital when they weigh approximately 

1800-2000 grams (4.0-4.5 lbs), are nippling all feedings, and can maintain their 

temperature outside an isolette. It is usual practice to transition these infants to 

standard infant feedings (breastmilk or term formula). Infants with increased energy 

needs, history of postnatal growth restriction, or feeding difficulties may continue on 

a higher caloric density feeding (24 kcal/oz).

Although some studies have demonstrated improved growth rates in infants fed a 

nutrient-enriched formula after hospital discharge there is insufficient evidence to 

support routine use for all preterm infants (11-15). Factors to consider in feeding 

choices for the preterm infant include individual nutrient needs, tolerance, parental 

choice, cost and availability. Practices that were associated with poor growth 

outcomes in a group of VLBW infants include: (10). 

• introduction of solids prior to 6 months CA 

• introduction of cow’s milk before 12 month CA 

• use of low fat milk 

Feeding Diff﻿iculties
Preterm infants who have attained an age at which oral-motor maturity 

supports nipple feeding may continue to have feeding issues. Factors such as 



Nutrition Interventions for Children With Special Health Care Needs 169

Section 3 - Condition-Specific Nutrition Interventions

immature maintenance of physiological stability, disorganized suck-swallow-

breathing, decreased strength and endurance, cardiorespiratory compromise, and 

neurodevelopmental complications may contribute to alterations in feeding behavior 

and ultimately feeding success (16,17). Infants who experience unpleasant feeding 

experiences (choking, respiratory distress, GER) may begin to demonstrate aversive 

feeding behaviors. Evaluation of preterm infants with growth concerns and/or reports 

of feeding difficulties should include a careful history and description of feeding 

behaviors and observation. In observing a feeding, attention should be given to 

document control, organization, coordination of suck-swallow-breathing, length of 

time to consume adequate volume, evidence of distress, signs of choking or changes 

in respiratory status. Infants who demonstrate evidence of feeding difficulties should 

be referred to the appropriate disciplines for further evaluation and treatment. See 

Chapters 8 and 9.

Nutrient Needs
The nutrient needs of preterm infants after hospital discharge and throughout 

the first year have not been clearly established. Common practice is to view the 

nutrient needs of the preterm infant to be the same as the term infant when the 

preterm infant achieves a weight of 2.0-2.5 kg (4.5-5.0 lbs). Some follow-up 

studies raise questions about this practice (10-12). Infants fed a nutrient-enriched 

formula after discharge show improvements in growth and mineral status. Follow-

up studies have also demonstrated decreased bone density in VLBW infants one 

year after discharge (18-20). Some preterm infants may continue to be at risk 

for inadequate bone mineralization after discharge. These infants may need 

higher mineral intake and monitoring after hospitalization. Currently there are no 

standardized practices to treat these infants and a variety of strategies have been 

used without clear identification of an optimal approach (13). Often, the transition to 

breastfeeding occurs after discharge from the hospital. These infants may continue 

to receive supplemental bottles of formula or breast milk until the transition to total 

breastfeeding is complete. To facilitate transition, follow-up is essential. This follow-

up can be provided by a hospital or community lactation specialist.

Standard infant formulas are designed to meet the DRI for vitamins and minerals for 

term infants when the infant consumes approximately 32 oz/day. Infants discharged 

from the hospital weighing 4.5-5.0 lbs may only consume 10-12 oz/day. This volume 

may be adequate to meet fluid, energy, and protein needs. However, a multivitamin 

supplement is needed to meet the DRI for infants until the infant or child consumes 

24-30 oz/day. Soy formulas are not recommended for preterm infants, particularly 

those at risk for osteopenia, secondary to decreased bioavailability of calcium and 

phosphorus (13).
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Preterm infants often demonstrate adequate weight gain when consuming 110-

130 kcal/kg/day. The VLBW and ELBW infants often need higher energy intakes to 

support appropriate weight gain. Factors that alter energy needs, absorption, or 

utilization in infants will also impact the energy requirements of preterm infants.

Preterm infant formula and human milk fortifiers are designed to meet the increased 

vitamin and mineral needs of the preterm infant taking smaller volumes than the 

term infant consumes. Continuation of the preterm infant formula and human milk 

fortifiers in infants who weigh more than 2.5-3.0 kg will result in increased intakes 

of several vitamins, including vitamins A and D. Case reports of hypervitaminosis D 

suggest that these products should be discontinued when the infant is exceeding the 

recommend intakes for fat-soluble vitamins.

Preterm infants are at risk for iron deficiency anemia. Preterm infants require 2-4 

mg iron/kg/day by 2 months of age. This may be provided as an iron supplement or 

with the appropriate volume of iron-fortified formula. In general, this iron should be 

continued until 12 months of age (CA) (13).

The remainder of this chapter presents guidelines for nutrition assessment, 

intervention, and evaluation/outcome after discharge from the hospital for children 

who are born prematurely. Additional references and resources are included at the 

end of this chapter.
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Chapter 16

Nutrition Interventions for respiratory 
Disease
Donna Johnson, RD, PhD
Updated by Joan Zerzan, MS, RD, CD

Causes of abnormal respiratory function in infancy are shown in Table 16-1. 

Nutritional implications are dependent on the nature of the disorder, clinical 

manifestations, treatment modalities, compensatory mechanisms, and the presence 

of other underlying conditions. Compensatory mechanisms are designed to maintain 

normal ventilation and include: increased respiratory rate, increased work of 

breathing, grunting, and nasal flaring. The consequences of these mechanisms 

include increased effort, increased energy expenditure, and exhaustion. Normal 

infant activities such as feeding and growth may be impaired.

Table 16-1: Causes of Respiratory Disease in Infancy1

Cause Example
Infections Viral (respiratory syncytial virus-RSV, parainfluenza), 

bacterial

Bronchopulmonary dysplasia 
(BPD), Chronic Lung Disease 
(CLD)

prematurity, aspiration, meconium aspiration, infection

Congenital anomalies of heart 
and lung

Tracheomalacia, laryngomalacia, congenital heart 
disease (CHD), diaphragmatic hernia, hypoplastic lung, 
congenital cysts or tumors

Congenital Syndromes Beckwith-Wiedeman, CHARGE association, Pierre Robin, 
Treacher Collins, Trisomy 18, deLange, Mobius sequence, 
cleft lip and palate

Bronchopulmonary dysplasia (BPD) has been described as a “chronic pulmonary 

disorder that is the consequence of unresolved or abnormally repaired lung damage” 

(2). BPD is seen primarily in preterm infants requiring respiratory support in the 

first 2 weeks of life. However, chronic lung dysfunction can occur in full term infants 

with respiratory distress syndrome, meconium aspiration, congenital heart disease, 

congenital neuromuscular disease, or respiratory infections (3). Although advances 

in clinical practices may be associated with reductions in the incidence and severity 
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of BPD due to lung injury, particularly in the larger more mature infant, a “new 

BPD” has been described consistent with an arrest of pulmonary development and 

disruption of alveolarization (2-5).

The classic diagnosis of BPD may be assigned at 28 days of life if the following 

criteria are met (6):

• Positive pressure ventilation during the first 2 weeks of life for a minimum of 3 

days

• Clinical signs of abnormal respiratory function

• Requirement for supplemental oxygen for longer than 28 days of age to maintain 

PaO2 (partial pressure of oxygen, a measure of arterial oxygen tension) above 50 

mm Hg

• Chest radiograph with diffuse abnormal findings of BPD

Dissatisfaction with the definition and diagnostic criteria to describe BPD resulted in 

the National Institute of Child Health and Human Development/National Heart, Lung 

and Blood Institute expanding the definition to reflect differing criteria for infants less 

than or greater than 32 weeks gestation. This expanded definition includes different 

diagnostic criteria for mild, moderate, and severe disease and recognizes that BPD 

represents a continuum of lung disease (3,4,6). It has been suggested that the term 

“chronic lung disease of infancy” (CLD) be used to describe infants who continue to 

have significant pulmonary dysfunction at 36 weeks gestational age (GA). In current 

clinical practice, these terms are often not clearly differentiated, but infants with 

significant pulmonary dysfunction at 36 weeks GA are likely to be those who require 

ongoing nutritional support after initial hospital discharge.

This chapter will cover concerns that are specific to the infant with chronic pulmonary 

dysfunction (BPD/CLD).

Growth and Nutritional Support
The overall goal for infants with BPD/CLD is to promote growth and development. As 

infants grow, lung function improves and risk of severe cardiopulmonary sequelae, 

morbidity, and mortality with respiratory infection declines. Cornerstones of 

treatment are pulmonary support to maintain optimal oxygen saturation and prevent 

complications and nutrition support to promote growth. 

GRowTh

Growth in infants and young children with BPD may be compromised by several 

factors. These include respiratory limitations, altered nutrient needs, drug-nutrient 

interactions, and feeding difficulties. Documented studies of growth in patients with 
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BPD/CLD show reduced rates of growth and reduced percentile ranking during the 

first 1-2 years of life. Long-term follow-up, however, suggests that catch-up growth 

from post-natal growth restriction may occur by age 3, or in the case of moderate to 

severe BPD/CLD by 7-10 years of age (7,8,9).

Persistent hypoxemia is recognized as a cause of poor growth as well as feeding 

problems in children with BPD (2,10,11). Inappropriate discontinuation of oxygen 

therapy for these children has been reported to cause an abrupt drop in growth 

rates. Maintaining adequate oxygenation improves growth (8). Infants with BPD who 

are not on oxygen therapy may experience oxygen desaturation with feeding after 

hospital discharge. Oxygen saturation should be assessed when growth falters or 

when fatigue and aversive behaviors are observed during feeding (12,13,14). 

Medications used in the management of BPD/CLD may contribute to feeding 

intolerance, nutrient utilization, or nutrient needs. Through these interactions, 

growth may be negatively impacted. Medications frequently used in the treatment 

and management of BPD/CLD include diuretics, steroids, methylxanthines, and 

bronchodialators. Many oral medications are hyperosmolar and when added to 

feedings can contribute to nausea and feeding intolerance. Some medications may 

increase metabolic rates and result in increased energy needs. Long term use of 

steroids negatively impact linear growth and alter mineral status. Diuretics increase 

urinary losses of electrolytes and calcium. A thorough history should include 

medications and identify specific monitoring needs (8,13).

Growth faltering due to inadequate intake in infants with BPD/CLD has been 

documented. Factors contributing to inadequate intake include feeding difficulties, 

recurrent illness, and increased energy needs (3,8,9). 

NuTRITIoNal SuppoRT

Nutrition is critical for prevention, treatment, and recovery from BPD/CLD. 

Antioxidant nutritional therapies, including Vitamin A, Vitamin E, selenium and 

n-acetylcysteine, have been proposed for the prevention of BPD. It has also been 

proposed that inositol may aid in the prevention of BPD by enhancing the production 

of surfactant (13). These therapies require further investigation. Recovery from BPD 

occurs with growth of new lung tissue. Supportive therapy, therefore, depends on the 

provision of adequate nutrients to support growth (2,5,13).

Higher energy needs have been proposed as a cause of growth failure in infants 

with BPD/CLD. It has been suggested that infants with respiratory dysfunction may 

experience increased energy expenditure associated with increased work of breathing 

(WOB). Studies, however, have not demonstrated this consistently (13). Some 
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infants with BPD experience increased energy needs (7). The reasons for this are not 

entirely clear, but increased work of breathing, catecholamine release due to stress, 

increased energy requirements for feeding, and the effects of medications probably 

all play roles. Energy requirements of 120-160 kcal/kg/d have been reported (8). A 

number of factors contribute to energy expenditure in individuals, including genetics, 

activity, and severity of respiratory distress. Correlating growth with energy intake is 

the best indicator of adequacy.

It may be difficult to provide adequate energy to infants and young children with 

BPD. They may have ongoing fluid restrictions due to concerns about pulmonary 

edema. They may experience fatigue with feeding. Increasing the energy density 

of formula or breastmilk using a combination of components may be helpful (see 

Appendix T). For infants with BPD it is inappropriate to use only carbohydrate to 

increase energy density. A high carbohydrate load increases production of CO2. At the 

same time, the addition of excess fat may delay gastric emptying. Delayed gastric 

emptying may contribute to gastroesophageal reflux. The addition of vegetable oils 

that may separate out from formula or breastmilk may be problematic as they may 

increase the risk of aspiration pneumonia. Since infants with BPD are at also risk for 

more frequent and serious illnesses in the first months of life, it is important to teach 

caregivers how to assess hydration status during illness, especially when infants are 

receiving an energy-dense formula.

Nutritional care for the infant with BPD must be individualized. Feeding concerns, 

nutrient needs, and growth outcomes are different for each infant. Variables that 

influence the nutrition care plan include initial severity of BPD, presence of other 

medical problems, and characteristics the infant and caregiver bring to the feeding 

relationship. Infants and young children with severe BPD may require ongoing 

mechanical ventilation and a tracheostomy, medications with nutrition implications 

such as corticosteroids and diuretics (see Chapter 5), gastrostomy tube feedings (see 

Chapter 10), and frequent hospitalization. Some infants with milder forms of BPD 

may continue to require medical/nutritional interventions post discharge including 

supplemental oxygen, medications, and tube feeding. Some infants with CLD may 

experience exacerbations of respiratory dysfunction with illness, and have feeding 

difficulties without ongoing need for oxygen, medications, or tube feeding.

FeeDING DIFFICulTIeS

Feeding problems are common among infants with moderate or severe BPD. These 

infants benefit from an interdisciplinary team approach to assess and treat feeding 

issues. Problems found in infants with BPD include poor coordination of suck, 

swallow, and breathing, swallowing dysfunction with silent microaspiration, oral-
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tactile hypersensitivity, and aversive behavior associated with unpleasant oral and 

feeding experiences. Assessment of feeding problems with feeding observations, 

swallowing studies, and measurements of oxygen saturation during feeding may 

be helpful. Infants with BPD may also experience gastroesophageal reflux and/or 

delayed gastric emptying. The feeding situation may show significant improvement 

if these conditions are diagnosed and treated with changes in feeding patterns, 

positioning, or medications (9,14,15,16) (See Chapter 8).

The growth and development of infants with BPD is also influenced by family 

characteristics. Taking care of these infants can present many challenges. Feeding 

issues may contribute to the stress of caring for an infant with BPD. Feeding infants 

with moderate and severe BPD may require several hours each day (9,11,14). 

Nighttime feedings may last for several months. Health care professionals and 

the families themselves may put excessive emphasis on weight gain increments 

and establish problematic feeding behavior patterns. Infants with BPD are often 

rehospitalized. They are at high risk of serious illness during the respiratory syncytial 

virus (RSV) season from November through March, and families are usually told 

to keep their babies at home. Many caregivers report a sense of social isolation. 

Assuring that family needs for social, emotional and financial support are met is an 

essential component of good care for these infants and young children.

The remainder of this chapter presents guidelines for nutritional assessment, 

intervention, and evaluation/outcome for children with broncopulmonary dysplasia.
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Chapter 17

Nutrition Interventions for Cystic 
Fibrosis
Susan Casey, RD, CD

Cystic fibrosis (CF) is a complex, multi-system disorder characterized by abnormally 

thick secretions from the exocrine glands that impair the function of the lungs and 

digestive system. It is one of the most common genetic disorders in children. The 

incidence is highest among Caucasians, approximately one in 3200 persons in the 

Caucasian population (1).

The median age of survival for persons with CF today is greater than 31 years, quite 

an improvement over 1950 when the average life expectancy was one year. The 

primary cause of morbidity and death in patients with CF is progressive pulmonary 

disease (2).

The major clinical manifestations of CF include chronic lung disease; increased 

levels of sodium, potassium, and chloride in the sweat; and exocrine pancreatic 

insufficiency, which is a reduced or absent production of digestive enzymes and a 

reduced secretion of bicarbonate. The child with untreated CF may have growth 

failure, malnutrition, chronic pulmonary symptoms, bulky, foul-smelling stools, and 

abdominal cramps. Typical pulmonary symptoms are chronic cough, asthma-like 

symptoms, recurrent pneumonia, nasal polyps, and chronic sinusitis (3).

The diagnosis of CF is confirmed by two positive sweat chloride tests (Gibson-Cook 

method), properly performed and interpreted. Every person with CF should have this 

diagnosis confirmed in a facility that is approved by the Cystic Fibrosis Foundation. 

The approved Cystic Fibrosis Centers are required to maintain the highest diagnostic 

and treatment standards. Since the gene responsible for cystic fibrosis was identified 

in 1989, genotyping with two identifiable alleles has also met the requirement 

for diagnosis in the presence of an ambiguous sweat chloride test or a quantity-

not-sufficient sweat chloride test (4). Two positive genotypes for CF can also be 

considered diagnostic.

CF Newborn Screening is available in all states. In Washington, all infants are tested 

for IRT (Immunoreactive Trypsinogen) at birth. Infants with two positive IRT’s are 
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referred for a sweat chloride by their pediatrician. Infants with a positive sweat 

chloride are sent to a CF Clinic.

All patients should be followed by an interdisciplinary team at a Cystic Fibrosis 

Center. The clinical practice guidelines for Cystic Fibrosis, published by the Cystic 

Fibrosis Foundation, require a coordinated, interdisciplinary approach for the 

diagnosis and management of patients with CF who have diverse needs and complex 

treatment plans (4). Typically, the treatment involves professionals in the following 

areas: 

• medicine

• nursing

• nutrition

• physical therapy

• respiratory therapy

• social service

• psychologist

The nutrient needs of a person with CF are often difficult to meet because of both 

increased nutrient requirements and decreased food intake. The energy requirement 

is increased because of hypermetabolism intrinsic to the genetic defect, increased 

losses of nutrients attributable to pancreatic insufficiency and chronic pulmonary 

infection, as well as in some instances, sinusitis. Decreased intake is the result of 

emesis due to coughing, increased work of breathing, anorexia from both GI and 

pulmonary symptoms and psychosocial issues (2,5).

Pancreatic insufficiency is controlled with the use of pancreatic enzymes containing 

lipase, protease, and amylase. There are several brands and doses of products 

available. Generic enzymes are not approved for patients with CF. Powdered enzymes 

are also no longer recommended. Enzymes are administered via capsules with acid 

resistant coated microspheres released in the alkaline pH of the duodenum. It is 

recommended that the enzymes be taken prior to meals, snacks and enteral feedings 

either in the intact capsule form or with the enteric-coated microspheres mixed with 

an acidic food (2,6,7). Recommendations from the Cystic Fibrosis Foundation are to 

limit the amount of lipase to 2500 IU lipase per kg per feeding or meal.

Because of the increased median age of survival of patients with CF today, secondary 

illnesses are more common. These include CF-related diabetes, liver disease, and 

osteoporosis, which require specific interventions as well (2). The effects of the 

disease on growth are more noticeable. Adequate health care for these patients 

requires close attention to their nutritional needs. The goal of nutrition intervention 

is to promote normal growth and development and optimal resistance to infection. 
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Current research is showing that deterioration of pulmonary function can be reversed 

and catch-up growth achieved by means of nutrition support (8,9).

The remainder of this chapter presents guidelines for nutrition assessment, 

intervention, and evaluation/outcome for children with cystic fibrosis. Nutrition 

assessment for CF includes the components listed in the table four times per year 

and is performed by the registered dietitian (RD) in the Cystic Fibrosis Center. The 

following is included to clarify the information to community RDs who concurrently 

see patients with CF who are managed at a designated CF center. The community RD 

and CF Center RD will need to work together to coordinate care and avoid duplication 

of services.
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Chapter 18

Nutrition Interventions for Congenital 
heart Disease
M. Annie Goodwin, RD, CD, and Nancy James, RD, CSP, CD
Updated by Nancy James, RD, CSP, CD and Laili Abd Latif, MS, RD, CD

Congenital heart disease (CHD) refers to cardiovascular defects that are present 

and usually evident at birth. Most commonly, these defects include ventricular or 

atrioventricular septal defects, Transposition of the Great Arteries, Tetralogy of Fallot, 

Coarctation of the Aorta or a single ventricle. With improved detection, diagnosis, 

medical management, and surgical techniques, the number of children surviving with 

congenital heart disease is increasing (1). Presently, surgical repair in this population 

is often delayed in order to permit increased weight gain (2). Surgery is performed 

when a patient reaches an ideal weight and age, or when failure to thrive precludes 

further waiting (2). See Table 18-1 for a list of congenital cardiac anomalies.

Children with CHD often demonstrate slow growth, which becomes apparent early in 

life. Depending on cardiac status, many factors may cause poor growth:

• Chronic deficit of oxygen in cyanotic patients

• Decreased food intake due to poor appetite, fatigue, or oral aversions

• Decreased gastrointestinal absorption

• Increased energy needs due to increased cardiac workload

• Increased susceptibility to infection with frequent illnesses

• Decreased gastric/intestinal motility and associated reflux disease.

• Increased resting metabolic rate

• Poor cardiac output resulting in decreased splanchnic blood flow which may lead 

to early satiety, nausea and vomiting

Congestive heart failure (CHF) may be a result of CHD due to the heart having to 

work harder than usual. CHF is a serious condition in which the overworked heart 

becomes strained and does not pump blood efficiently. As the heart works harder, the 

metabolic rate rises, and energy requirements increase. Further contributing to the 

increased energy requirement is a decrease in the rate of gastrointestinal absorption 

resulting from reduced cardiac output (3,4,5).

In CHF, the heart’s inefficient pumping causes fluid to back up into the lungs, the 

liver, and other organs. Therefore, children with CHF often require fluid restriction 
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and/or modification of dietary sodium. When a child’s fluid intake is limited, it 

becomes difficult to provide adequate energy intake (4,5). See Appendix T for 

information about increasing the energy density of formula. 

CHF can affect either side of the heart. In children with CHD, right-sided CHF is 

the most common. Children with right-sided failure may have gastrointestinal 

malabsorption, vomiting, and diarrhea mimicking the common symptoms of milk 

allergy or formula intolerance. Children with left sided failure may have tachypnea 

(rapid breathing), tachycardia (rapid heart beat), and/or diaphoresis (sweating) 

(4). Infants with both types of failure tend to tire easily and may not be able to 

breastfeed or bottle-feed without developing shortness of breath (4, 5). 

Malabsorption has been suggested as a cause for growth failure. Some studies 

report fat and/or protein malabsorption in infants with CHF while others report 

varying degrees of fat malabsorption in infants with all types of CHD (2,4). Protein 

losing enteropathy is a condition reported in patients with increased right-sided 

heart pressures, especially those young children who have undergone the Fontan or 

Bidirectional Glenn procedure (6). 

Decreased perfusion to the gastrointestinal (GI) tract often leads to delayed gastric 

emptying, vomiting and gastroesophageal reflux (GERD) in infants and children 

with moderate to severe heart failure (6). Reflux can be managed with medications 

and/or an adjustment to the infant’s feeding (6). Surgical intervention (gastric 

fundoplication) is effective in managing severe reflux in order to promote weight gain 

in children with severe congenital heart defects (7). 

Reduced blood flow to intestinal tract may occur when the body shunts blood away 

from the gut to preserve heart and brain function in the child with moderate to 

severe heart failure (6). This reduction in blood flow can cause early satiety, nausea 

and vomiting which in turn may result in decreased nutrient absorption (6). 

Often, complications can arise after cardiac surgery. One such complication is 

the formation of a chylothorax. When the thoracic duct or tributaries are injured 

during extra pericardial operations, chyle can accumulate in the pleural spaces. 

This is especially common in surgeries involving mobilization of the aortic arch 

or coarctation of aorta as well as with a Blalock-Tausig shunt. A chylothorax can 

also occur spontaneously due to increased pressures within the heart itself (8,9). 

Conservative nutrition treatment of a chylothorax includes the use of very low fat 

diet. Infants and young children may require specialized formulas containing high 

amounts of medium chain triglycerides (MCT) (6). Medium chain triglycerides by-

pass the lymphatic system and are directly absorbed into the bloodstream via the 

portal venous system; therefore, reducing chyle production and slowing/eliminating 
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the chylous drainage (8). Depending on the long chain fat content of the diet or 

formula used, it may be necessary to supplement long chain fatty acids to prevent 

essential fatty acid deficiency.

Nutrition goals for infants/children with CHD (6):

• Provide adequate calories and protein, taking into account potentially increased 

needs.

• Promote normal weight gain and growth velocity.

• Promote oral feeding as able. Chronic illness or extended hospitalization may 

result in oral feeding challenges.

• Maintain normal/near normal electrolyte levels. Watch closely for abnormalities if 

the child is on highly concentrated enteral feedings or certain medications.

If a child has documented growth failure or is having difficulty meeting nutrition 

needs with an oral diet, supplemental tube feedings may be considered for additional 

energy and protein (4,10). There are several factors to consider before deciding 

if a temporary or permanent feeding tube should be placed. These factors include 

the length of time, ease of care, appearance and the risks of nasogastric versus 

gastrostomy tube feeding. A percutaneous endoscopic gastrostomy tube (PEG) is a 

safe and reliable technique to support enteral nutrition in children with severe CHD 

(10). This technique allows enteral nutrition support without the disadvantages 

related to long term nasogastric tube feeding (10).

The remainder of this chapter presents guidelines for nutrition assessment, 

intervention, and evaluation/outcome for children with CHD (Table 18-2). 
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CHAPTER 19

Nutrition Interventions for Chronic 
Kidney Disease
Linda Astrom, MS, RD, CSP, CD; Lori Brizee, MS, RD, CSP, LD and  
Tracy Sutherland, MS, RD
Updated by Lori Brizee, MS, RD, CSP, LD and Peggy Solan, RD, CD 

Chronic kidney disease (CKD) in children may be due to congenital anatomical 

defects (e.g., urologic malformations, or dysplastic kidneys), inherited disease 

(e.g., autosomal recessive polycystic kidney disease), or metabolic disorders 

which eventually result in renal failure (e.g., cystinosis or methylmalonic aciduria). 

CKD may also be due to acquired causes such as untreated kidney infections, 

physical trauma to kidneys, exposure to nephrotoxic chemicals (including some 

medications), or illnesses that damage the kidneys (e.g., hemolytic uremic syndrome 

or glomerulonephritis). CKD is a progressive disorder, which may lead to End Stage 

Renal Disease (ESRD) which is less than 5 10% renal function. ESRD requires some 

type of renal replacement therapy (dialysis or kidney transplant). Depending on the 

cause of CKD, a child may be polyuric or oligo/anuric. The child with polyuria may 

“waste” electrolytes (sodium, potassium), while the child with oligo/anuria may 

retain electrolytes. Many children with CKD have other concurrent medical problems 

(e.g., heart, lung, or liver problems). The former premature infant with CKD may 

have lung disease and be on steroids and diuretics. In all cases, treatment must be 

individualized depending on weight gain, growth, laboratory values, hydration status, 

and other patient specific issues.

Poor weight gain and growth are major issues for most children with CKD. These 

problems are caused by a variety of factors: (1-6)

• Anorexia, resulting in inadequate nutrient intake

• Uremia

• Renal osteodystrophy (bone disease)

• Electrolyte and mineral imbalances (sodium, potassium, calcium, phosphorus)

• Metabolic acidosis

• Anemia

• Abnormal growth hormone metabolism

• Nutrient losses on dialysis

• Psychosocial factors resulting in poor nutritional intake
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Normal growth and development depends on many factors, the main one being 

adequate nutrition support. Nutrition management of children with CKD involves 

meeting nutrient needs while avoiding excesses of substances that accumulate 

because of renal insufficiency. A child with CKD needs to receive adequate energy 

for weight gain and at least the DRI for protein. Protein restriction below the Dietary 

Reference Intake (DRI) has not been found to be beneficial for children with CKD 

(7). Sodium may be restricted if hypertension is a problem. Sodium, potassium, and 

phosphorus are restricted if blood levels are high and increased if levels are low. 

There is not one specific diet that meets the needs of all children with CKD.

CKD is staged by a combination of age, height, and creatinine level. The glomerular 

filtration rate (GFR) is estimated by the Schwartz formula for children 2 years of age 

and older. Confirm CKD stage with nephrologist(8).

GFR (ml/min/1.73m²) = (0.413 x height (cm)/creatinine (mg/dL))

Table 19-1 Stages of Chronic Kidney Disease 

Stage Description Glomerular 
Filtration 
Rate (Gfr)

Action

At increased risk >90 with CKD 
risk factors

Screening. CKD risk reduction

1 Kidney damage with 
normal or increased GFR

>90 Diagnose & treat. Treat comorbid 
conditions. Slow progression. 
Cardiovascular disease risk reduction

2 Mild decrease in GFR 60-89 Estimate progression

3 Moderate decrease in 
GFR

30-59 Evaluate and treat complications

4 Severe decrease in GFR 15-29 Preparation for kidney replacement 
therapy

5 Kidney failure <15 or dialysis Replacement, if uremia is present

Supplemental nasogastric or gastrostomy tube feedings are necessary to meet 

energy and protein requirements in the majority of infants and young children with 

CKD (3). Commercial formulas have been designed to meet the special needs of 

infants, children and adults with CKD. These can be used alone or with modular 

products to meet an individual’s needs. Both low and high protein “renal” enteral 

formulas are available. They are energy-dense and can be diluted. The formula can 

be used separately or combined to achieve specific energy and protein goals. For 

example, a child with CKD, not yet on dialysis, may need a high energy, low protein 

supplement (e.g., Suplena Carb Steady®, Abbott). A child on peritoneal dialysis may 

need a high energy, high protein supplement (e.g., Nepro Carb Steady®, Abbott; 

Nova Source Renal®, Nestle).
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Even with adequate nutrition, a child with CKD will not grow unless metabolic 

acidosis is corrected and bone disease is treated. Metabolic acidosis (diagnosed by a 

low serum bicarbonate level) is a major factor in failure to thrive and contributes to 

bone demineralization; it is generally corrected by giving sodium bicarbonate.

The biggest factor in bone demineralization is 1,25(OH)2 vitamin D deficiency. 

Vitamin D is activated in the kidney. As kidney function decreases with CKD, 

activation of 25 (OH) vitamin D to1,25 (OH)2 vitamin D is decreased. This results 

in decreased intestinal absorption of calcium and subsequent hypocalcemia. 

Hypocalcemia stimulates the production of parathyroid hormone (PTH), which results 

in release of calcium from the bone. Deficiency of 25(OH) D is also common in 

children with CKD and should be corrected prior to treatment with activated Vitamin 

D. In the early stages of CKD, correction of 25(OH) Vitamin D levels may result in a 

normal PTH level.

Another factor in bone disease is retention of phosphorus in the blood. This also 

stimulates production of parathyroid hormone, further increasing mineral loss from 

the bone. Bone disease is prevented and treated by giving vitamin D2 or 3 if 25 (OH) 

Vitamin D level is low, as well as 1,25 (OH)2 vitamin D (calcitriol, paricalcitol) based 

on PTH levels. It is also necessary to limit phosphorus in the diet and give phosphate 

binders with meals. Calcium carbonate, calcium acetate and sevelamer are the 

most commonly used phosphate binders. The calcium based binders also serve to 

supplement calcium. With vigilant attention to treatment, bone development can be 

fairly normal (1).

Anemia is a major problem for all patients with significant CKD. The main cause 

of anemia is decreased production of the hormone erythropoietin by the kidneys. 

Erythropoietin stimulates the bone marrow to produce red blood cells. Anemia is 

treated by giving erythropoiesis-stimulating agents (ESA’s), such as epoetin alpha or 

darbepoetin, subcutaneously or parenterally up to 2 to 3 times per week. In order for 

ESA’s to work to produce red blood cells, adequate amounts of iron must be given. 

Iron stores are quickly depleted when ESA’s are started, and hematocrit is rapidly 

increased (5). It is often necessary to give IV iron to patients on ESA’s to keep up 

with the demand for production of red blood cells (1).

Despite early medical intervention and adequate nutrition support, children with 

CKD often continue to exhibit slow growth and rarely achieve catch-up linear growth 

without the use of recombinant growth hormone therapy (1,4,5,9). Long-term 

growth hormone treatment of growth retarded children with CKD results in significant 

improvement in linear growth with few side effects. Many children with CKD treated 

with growth hormone from a young age are able to reach their genetic potential.
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Although difficult to measure, psychosocial factors can be major contributors to poor 

growth and malnutrition. Chaotic home life, poverty, poor coping function of parents, 

as well as low self esteem, and/or depression in the child with CKD all compromise 

ability to comply with the complex medical and nutrition therapies necessary for 

successful treatment of CKD (1). The registered dietitian (RD) must work closely 

with the social worker to optimize family compliance with regimens to meet nutrition 

needs.

The remainder of this chapter presents basic guidelines for nutrition assessment, 

intervention, and evaluation/outcome for children with CKD. It is impossible to 

give guidelines for every situation one could see in an infant or child with CKD; it is 

critical that clinical judgment be used in providing nutrition intervention for these 

children. Due to the complexities of CKD, regular assessment and monitoring by 

a pediatric renal team (nephrologist, nurse, RD, and social worker) is essential for 

comprehensive care of a child with CKD.
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Chapter 20

Nutrition Interventions for Short Bowel 
Syndrome
Lori Brizee, MS, RD, CSP, LD

Definition of Short Bowel Syndrome
Short Bowel Syndrome (SBS) is defined as malabsorption resulting from anatomical 

or functional loss of a significant length of the small intestine. This occurs most 

commonly after bowel resection in the newborn period (e.g., secondary to necrotizing 

enterocolitis, mid-gut volvulus, gastroschisis, or intussusception). SBS can also result 

from trauma to the bowel (e.g., with an auto accident or fall, or with severe non-

accidental trauma). The amount of bowel that must be lost to produce malabsorption 

is variable and depends on which sections are lost and whether or not the ileocecal 

valve is preserved. The normal length of small intestine is approximately 300-850 cm 

for an adult, 200-250 cm for an infant over 35 weeks gestation, and approximately 

100-120 cm for a premature infant less than 30 weeks gestation. Loss of greater 

than 80% of the small bowel is associated with increased requirement for parenteral 

nutrition support and decreased overall survival. When the ileocecal valve is lost, 

the resulting risk for bacterial contamination of the small intestine from the colon 

mandates more small intestine for tolerance of oral/enteral feeding (1,2,3).

The small intestine consists of the duodenum, jejunum, and ileum. (See Figure 1) 

The majority of carbohydrate and protein absorption takes place in the duodenum 

and jejunum. Fats and fat-soluble vitamins are absorbed in the ileum. Bile salts are 

excreted from the liver into the duodenum and are required for the absorption of long 

chain fatty acids and fat-soluble vitamins in the ileum. Vitamin B12 binds to intrinsic 

factor (produced in the stomach) and is absorbed in the terminal ileum. Fluids and 

electrolytes are predominantly absorbed in the ileum and in the colon. When the 

duodenum and/or jejunum are resected, the ileum can largely adapt to perform their 

absorptive functions. The duodenum and jejunum, however, cannot adapt to perform 

the functions of the ileum. Thus, resection of the duodenum or jejunum is generally 

much better tolerated than resection of the ileum.

The ileocecal valve is the main barrier between the small and large intestine. It helps 

regulate the exit of fluid and malabsorbed nutrients in small bowel. It also helps 
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keep bacteria from the large bowel from refluxing into the small bowel. Resection of 

the ileocecal valve results in decreased fluid and nutrient absorption, and increased 

bacterial overgrowth in the small bowel (2,3).

Nutritional Support in Short Bowel Syndrome
Immediately after a bowel surgery which results in short bowel syndrome, total 

parenteral nutrition (TPN) is required until bowel function returns (bowel sounds are 

detected and stool is produced). Depending on the severity of short bowel syndrome, 

full enteral/oral nutrition may be achieved in a matter of weeks, months, or may 

never be achieved.

It is important that a patient be given as much enteral/oral nutrition as possible 

to facilitate bowel growth and increased absorption of nutrients and to decrease 

the deleterious effects of TPN on the liver (2,3). Patients may require specialized 

enteral formulas with altered fat, protein, or carbohydrate. Infants are typically 

given hydrolyzed protein or amino acid-based formula to decrease risk of allergy-

like reactions, common with a compromised gastro-intestinal tract (3). If the ileum 

is resected, fat malabsorption is likely, and fat may be provided as part medium 

chain triglycerides (MCT) and part long chain fat.  Medium chain triglycerides do 

not require bile salts for absorption and can be absorbed anywhere in the small 

intestine. Even with fat malabsorption, it is essential to provide some long chain fatty 

acids, as they are important for gut adaptation after resection (3). Carbohydrate 

often needs to be decreased to less than that contained in standard formulas, as its 

malabsorption is a significant problem with a shortened bowel and decreased nutrient 

transit time. Carbohydrate malabsorption results in an increased osmotic load in the 

colon and thus watery diarrhea, with increased fluid and electrolyte losses. This can 

actually be more of a problem than fat malabsorption, because malabsorbed fat does 

not increase colonic osmotic load and increase fluid and electrolyte losses (2). There 

are many commercially available formulas that contain free amino acids or peptides 

for protein and medium chain triglycerides for a portion of the fat. The carbohydrate 

content of formula varies; choosing the lowest carbohydrate formula available 

that also meets protein and fat criteria is often helpful in decreasing osmotic 

diarrhea. Very low carbohydrate modular formulae can be prepared if carbohydrate 

malabsorption is severe.

Introduction of oral feedings are important for development and prevention of 

oral feeding aversion. Small boluses of oral feedings of breast milk, formula or an 

electrolyte solution should be introduced as soon as an infant is stable and increased 

as tolerated. Solid foods should be introduced when developmentally appropriate 

(typically by 6 months of age). Foods such as strained meats may be better tolerated 
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than the cereals, fruits or vegetables due to decreased intestinal transit time and 

resulting carbohydrate malabsorption (2).
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Long-Term Nutritional Concerns in Short Bowel 
Syndrome

Micronutrient Deficiencies

Once a child is on full enteral or oral feeds and parenteral nutrition has been 

discontinued, adequacy of micronutrient absorption becomes a concern. This is 

especially important when a significant portion of the ileum is missing. Ileal resection 

can result in fat and fat-soluble vitamin malabsorption; it is frequently necessary to 

give fat-soluble vitamins in a water-soluble form. These are available in individual 

vitamin preparations or in multivitamin preparations (e.g., ADEK’s®), which contain 

water and fat-soluble vitamins, all in a water-soluble form. Additionally, children with 

ileal resection may need vitamin B12 injections every 1 to 3 months. It can take from 

several months to several years for a vitamin B12 deficiency to develop; therefore, 

long-term, regular monitoring of B12 status is necessary. Vitamin B12 is often given 

routinely to prevent deficiency when the terminal ileum has been resected (4).

Minerals that may be malabsorbed include calcium (often due to vitamin D 

malabsorption), iron, magnesium, and zinc. These nutrients need to be monitored 

periodically, especially in the months just after parenteral nutrition is discontinued, 

and whenever a patient develops a prolonged diarrheal illness or has bacterial 

overgrowth (4).

Bacterial Overgrowth

Children with short bowel syndrome often have poor intestinal motility and dilated 

segments of the small intestine. This, plus absence of the ileocecal valve, contributes 

to the development of bacterial overgrowth (3). Bacterial overgrowth is present when 

the bacteria in the small bowel exceed normal levels. Bacterial overgrowth results 

in malabsorption by causing inflammation of the bowel wall and deconjugation of 

bile acids. This results in rapid reabsorption of bile, leaving very little bile for fat 

absorption. Symptoms include very foul smelling stools and flatus, bloating, cramps, 

severe diarrhea, gastrointestinal blood loss, and accumulation of D-lactic acid in the 

blood. Bacterial overgrowth can be diagnosed by breath hydrogen test either fasting 

or after an oral glucose load, by aspiration and culture of small bowel contents or 

by blood test for D-lactic acid. Bacterial overgrowth is treated with oral antibiotics. 

In many cases it is necessary to give cyclic antibiotics for the first five days of every 

month. For some patients continuous antibiotics are necessary; in these cases, 
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antibiotics are rotated every two to three months to avoid overgrowth of resistant 

bacteria (3,5).

Liver Disease

Parenteral nutrition-associated liver disease (PNALD) is a common complication for 

children with short bowel syndrome who depend on long term TPN. PNALD affects 

40-60% of infants with prolonged PN and it has a significant effect on mortality. 

Risk factors for development of PNALD include premature birth, extremely short 

bowel (<15 cm), ileal-cecal valve resection, bacterial overgrowth, early or recurrent 

catheter-related sepsis, and high parenteral carbohydrate, protein and/or fat 

administration. Prevention strategies include early introduction of enteral feeding, 

reduction of PN and prevention of catheter related sepsis by using strict aseptic care 

techniques. There is some evidence that oral administration of ursodexoxycholic 

acid (ursidiol) may improve bile flow and reduce gallbladder stasis and thus PNALD. 

Recent data suggests that parenteral fats enriched with omega-3 fatty acids may 

benefit children with PNALD; studies are ongoing (1,6,7)

Conclusion
Children with short bowel syndrome require vigilant nutritional care. Those children 

who are dependent on TPN are generally well monitored. However, it is easy for 

those who have advanced to oral/enteral nutrition to “fall through the cracks,” if their 

parents and health care providers are not aware of the potential nutritional problems 

associated with short bowel syndrome. These children need immediate medical care 

any time they have an illness resulting in increased stool or ostomy output, since 

they are at very high risk for dehydration and fluid and electrolyte imbalances. They 

need long term, regular nutrition monitoring to prevent problems associated with 

macro-and micronutrient malabsorption, which can result in poor weight gain and 

growth, and nutrient deficiency syndromes.

The remainder of this chapter presents guidelines for nutrition as assessment, 

intervention, and evaluation/outcome for children with short bowel syndrome.
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Nutrition Interventions for Children 
With Metabolic Disorders
Cristine Trahms, MS, RD, CD, FADA and 
Beth Ogata, MS, RD, CSP, CD

Most inherited metabolic disorders are associated with severe illness that often 

appears soon after birth. Neurologic impairment and mental retardation may occur. 

However, effective newborn screening programs and advanced diagnostic techniques 

and treatment modalities have improved the outcome for many of these infants 

(1,2,3).

Advances in newborn screening technology offer the potential for earlier diagnosis, 

prevention of neurologic crisis, and improved intellectual and physical outcomes. 

When tandem mass spectrometry techniques are used in newborn screening 

laboratories, infants with a broader range of metabolic disorders can be identified, 

and identification can be earlier than ever before (3).

The goal of treatment for inborn errors of metabolism is to strive for correction of 

the biochemical abnormality. The approach to treatment for each disorder depends 

on the enzyme(s) affected and the metabolic consequences of that effect (1,2). 

Without effective nutritional therapy many children with metabolic disorders would 

not survive infancy or would have severe cognitive and physical problems. Outcome 

of treatment for metabolic disorders is variable and depends on early diagnosis and 

intensive intervention (1,2,3).

For children with metabolic disorders, appropriate growth reflects the achievement 

of metabolic balance. In addition to a limited energy intake, inadequate weight gain 

may reflect a chronic elevation in ammonia levels or chronic acidosis. If growth 

and development are to proceed normally, energy and all required nutrients must 

be provided in adequate amounts. At the same time, controlling the biochemical 

abnormality necessitates the restriction of nutrients specific to the disorder to the 

requirement level (4,5,6).

Most children with metabolic disorders require the restriction of one or more 

nutrients or dietary components. These restrictions are specific to each disorder 
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and include, for example, the restriction of specific amino acids or total protein, 

fatty acids, simple sugars, or total carbohydrate (1,2). In general, the strategies 

for treatment focus on reducing the negative impact of the affected enzyme and 

normalizing biochemical status. These goals can be achieved by using one or more 

dietary modification or intervention strategies, depending on the disorder:

• reduce the substrate

• provide the product(s)

• supplement co-factors

• enhance elimination of excess nitrogen 

The protein and amino acid restrictions require the critical assessment of protein and 

energy intakes; particular attention must be paid to the protein-energy ratio of these 

prescribed diets. See Table 19-1 for nutritional restrictions and modifications for 

selected metabolic disorders.

The nutrient needs of each individual must be carefully considered and the 

dietary prescription based on the individual genetic and biochemical requirements 

for nutrients. If the specific nutrient needs of an individual are ignored or 

misunderstood, mental retardation, metabolic crisis, growth failure, neurologic crisis, 

organ damage, or death may occur.

For many metabolic disorders, especially those involving amino acid metabolism, 

it is extremely difficult to correct the metabolic imbalances caused by the disorder 

and meet the nutritional requirements for growth, maintenance, and activity without 

the use of a specialized semi-synthetic formula or medical food. The formulas are 

generally supplemented with small amounts of high biological value (HBV) protein to 

supply the restricted amino acid(s) to the requirement level. These formulas provide 

75-80% of the total protein intake for the individual. Nitrogen-free foods are often 

needed to provide an appropriate energy intake, such as low protein pasta, bread, 

and other baked goods (4,5,6).

Maintaining metabolic balance for these children requires frequent and intensive 

monitoring of biochemical parameters specific to the disorder and those indicative 

of normal nutritional status. The goal is to achieve biochemical levels at or near the 

normal range. Laboratory parameters that are frequently monitored include:

• plasma amino acids

• hematological status

• protein status

• electrolytes

• blood lipid level

• ammonia
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Table 21-2 describes general biochemical monitoring guidelines for selected 

disorders.

Other considerations in management of metabolic disorders include monitoring 

(6,7,8):

• Hydration status: Dehydration in children with metabolic disorders often causes 

severe metabolic imbalance. Fluid intake and requirements must be carefully 

monitored. Constipation is also of medical significance.

• Illness: The “usual childhood illnesses” often cause the child with a metabolic 

disorder to lose metabolic balance and become seriously ill. Frequently, children 

require hospitalization and the administration of intravenous fluids to prevent 

metabolic “crisis”. During infection or illness that results in catabolism, protein-

containing formula is often refused. Continued administration of some form of 

energy and fluids assists in rehabilitation.

• Feeding: Some children who have neurological difficulties develop oral-motor 

problems that interfere with the provision of adequate nourishment. A hyperactive 

gag reflex is a frequent problem. Some providers use nasogastric or gastrostomy 

tubes as a feeding adjunct to prevent metabolic crisis.

The crucial role of nutrition support cannot be disputed in the treatment of these 

disorders. Effective treatment requires the expertise of a team, generally comprised 

of a geneticist, registered dietitian (RD), genetic counselor, psychologist, and 

neurologist. This team of experts is familiar with the nuances of current treatment 

for metabolic disorders and will incorporate new treatment innovations as they are 

deemed appropriate. However, the complex nutritional and medical management 

of these children cannot occur without the follow-up and support of the community 

teams. Communication between the team at the tertiary center, the community 

teams, and the family is crucial.
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Updated by Elaine Cumbie, MA, RD, CDE, CD

The Ketogenic Diet (KD) is an established, effective nonpharmacologic treatment 

of many types of epilepsy. It is a high fat, adequate protein, and low carbohydrate 

diet. Ketosis occurs when the body’s carbohydrate intake is limited and fat from the 

body or diet becomes the primary energy source for the body. The exact mechanism 

of the diet’s anticonvulsant and antiepileptic effects is not known. However, it has 

been proposed that changes in cellular metabolism resulting in increased metabolic 

enzymes modifies the cell and decreases hyperexcitability, and hence a less 

epileptiform state. Another speculation is that the antiepileptic effect is exerted via 

neuroprotection. This may involve protection from free oxygen radicals or prevention 

of apoptosis (1,2,3,4,5).

The beginning of the specific use of the KD dates to 1921 (5,6). The Mayo 

Clinic’s 1921 article suggested that a high fat diet, adequate in protein and low in 

carbohydrate could mimic the effects of starvation, thus producing seizure control. 

The diet fell out of favor in 1938 when phenytoin (Dilantin) was discovered leading 

to the era of medication treatment for epilepsy (5). Revival of the KD began in 

the early 1990’s with a Hollywood producer and writer, Jim Abrahams and his son 

Charlie. Charlie’s seizures were refractory to medications and other treatments. 

Abrahams read about the KD, and took his son to Johns Hopkins Hospital to start the 

diet. Charlie’s seizures stopped completely soon after starting the diet. Abrahams 

created the Charlie Foundation, published a book about the KD, created a Dateline TV 

program about the KD in 1994, and a made-for-television movie called, “First Do No 

Harm”.

There are four KD approaches being practiced around the country (6). They are

1. Long chain triglyceride diet (classic or traditional KD diet)

2. medium chain triglyceride (MCT) diet 

3. Modified Atkins diet 

4. Low Glycemic Index Diet. 
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This chapter will focus on the traditional KD. The traditional KD is based on an exact 

ratio of fat to combined protein and carbohydrate. For example, a 4:1 ratio would 

have 4 grams of fat to every 1 gram of protein and carbohydrate combined. (1,4,7,8) 

At the 4:1 ratio, fat contributes 90% of calories. Protein and calorie requirements are 

established based on current DRI with the goal of meeting needs for growth. Heavy 

whipping cream is usually the foundation of all meal plans, followed by butter, oil, 

and mayonnaise. Fluid restriction does not play a role in seizure control, and is no 

longer recommended (8,9). Vitamins and minerals as well as fiber are inadequate in 

the KD, and must be supplemented (6,8).

The diet can be implemented on an outpatient or inpatient basis (6). The Johns 

Hopkins inpatient protocol for initiating and maintaining the KD has been gradually 

modified at Johns Hopkins and other centers, and is continually evolving. Some 

centers observe a fasting protocol of approximately 24 hours. Others observe an 

overnight fast with no food consumption after midnight (3). Extended fasting does 

not produce better results.

Two approaches are observed with respect to starting the diet. The first approach 

starts at a lower ratio with full calories, such as a 2:1 ratio. The ratio is to be 

increased based on patients’ tolerance.. The second approach is to provide the diet 

at a set ratio, such as a 3:1 or 4:1 ratio, but starting with 1/3rd calories, increasing 

daily until full calories are tolerated.

The outpatient approach does not involve fasting. The diet can be started at a lower 

ratio such as a 2:1 ratio then progressed in 3-5 day increments to a 3:1 ratio then 

4:1 ratio. Hypoglycemia, acidosis, nausea, vomiting and lethargy can be minimized 

or avoided by implementing the diet according to this protocol. 

The KD is particularly effective in controlling absence, atonic, myoclonic seizures 

and infantile spasms. However, it may be tried as a therapy with any child who has 

refractory seizures (10). The diet is usually prescribed for children over the age of 

one year. Children younger than one year of age have more difficulty maintaining 

ketosis and experience a higher incidence of hypoglycemia. However, it is offered 

as a therapy at Johns Hopkins in infants with infantile spasms. Infants should 

be assessed on an individual basis to determine if KD therapy is appropriate. 

Historically, the diet has been felt to be most effective in children ages 2 to 5 years 

of age. Children and young adults alike have had success in controlling their seizures 

with the KD (9). The diet will control seizures in approximately one-third of children 

who have been unable to control them with medications. Of the remaining number 

of children, one-half will have some degree of improvement in their seizures and/

or anticonvulsant medications reduced (2,4,8,11,14). Because of issues of non-

compliance, older children may have more difficulty maintaining adequate ketosis 
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and diet control. The motivation to control their seizures can be enough to keep 

compliance adequate (11,13).

The KD is best initiated under the supervision of an experienced KD team. A team 

is best defined as a physician or epileptologist, nurse, registered dietitian (RD) and 

social worker who all have experience with the KD (8,10,14). A pharmacist can also 

be a valuable part of the KD team. The KD is not an exact science, and since all 

children are different, an individualized approach based on current best practices is 

advised. Much is learned through experience, and by adjusting the diet as needed. 

RD’s are charged with the job of translating the science of the diet into a palatable 

form. The advent of the Nutricia Ketocalculator and the Stanford Ketocalculator have 

decreased the time involved in calculating menus. KetoCal (http://www.shsna.com/

pages/ketocal.htm), new sugar-free products (http://waldenfarms.com/) and even 

low carbohydrate noodles made from mushroom fiber (http://www.miraclenoodle.

com) have expanded diet options for the diet. 

The availability of the team, especially the RD during the diet initiation and the 

first three months of the diet are crucial to the success of the diet. It is difficult for 

families to absorb all of the information during the hospital admission, and they need 

constant guidance from the KD team in order to address their concerns.

The remainder of this chapter presents guidelines for nutrition assessment, 

intervention, and evaluation/outcome for monitoring a child on the ketogenic diet.



250   Nutrition Interventions for Children With Special Health Care Needs

Chapter 22 - Ketogenic Diet for Seizure Disorders

Ta
bl

e 
22

-1
: K

et
og

en
ic

 D
ie

t f
or

 S
ei

zu
re

 D
is

or
de

rs
A

ss
e
ss

m
e
n

t
In

te
rv

e
n

ti
o

n
E
v
a
lu

a
ti

o
n

/
O

u
tc

o
m

e

A
nt

hr
op

om
et

ric
*

M
ea

su
re

 a
nd

 p
lo

t o
n 

ap
pr

op
ria

te
 g

ro
w

th
 

ch
ar

t:
• 

H
ei

g
h
t 

o
r 

le
n
g
th

 f
o
r 

ag
e

• 
W

ei
g
h
t 

fo
r 

ag
e

• 
W

ei
g
h
t 

fo
r 

h
ei

g
h
t 

(o
r 

le
n
g
th

) 
o
r 

B
M

I
• 

H
ea

d
 c

ir
cu

m
fe

re
n
ce

 (
u
n
d
er

 3
 

ye
ar

s)

Id
en

ti
fy

 i
d
ea

l 
b
o
d
y 

w
ei

g
h
t 

(I
B
W

).
†

C
o
m

p
ar

e 
al

l 
cu

rr
en

t 
m

ea
su

re
m

en
ts

 
to

 r
ef

er
en

ce
 d

at
a 

fo
r 

ag
e 

an
d
 t

o
 

p
re

vi
o
u
s 

m
ea

su
re

m
en

ts
.

M
ea

su
re

 w
ei

g
h
t 

w
ee

kl
y 

(a
t 

h
o
m

e)
. 

W
ei

g
h
t 

sh
o
u
ld

 b
e 

re
p
o
rt

ed
 t

o
 R

D
.

A
d
ju

st
 r

ec
o
m

m
en

d
at

io
n
s 

fo
r 

en
er

g
y 

in
ta

ke
, 

b
as

ed
 o

n
 g

ro
w

th
, 

ac
ti
vi

ty
 

le
ve

l.
 G

o
al

 i
s 

to
 a

llo
w

 f
o
r 

ch
ild

 t
o
 c

o
n
ti
n
u
e 

to
 g

ro
w

 a
cc

o
rd

in
g
 t

o
 

cu
rr

en
t 

w
ei

g
h
t/

h
ei

g
h
t 

ch
an

n
el

s 

• 
To

 e
n
su

re
 a

cc
u
ra

te
 c

al
o
ri
es

, 
o
b
ta

in
 t

h
re

e-
d
ay

 f
o
o
d
 r

ec
o
rd

. 
E
va

lu
at

e 
av

er
ag

e 
d
ai

ly
 c

al
o
ri
e 

in
ta

ke
.

• 
C
al

o
ri
c 

ad
ju

st
m

en
ts

 a
re

 m
ad

e 
sl

o
w

ly
, 

an
d
 n

o
t 

co
m

b
in

ed
 w

it
h
 a

 
ra

ti
o
 a

d
ju

st
m

en
t.

C
h
ild

’s
 g

ro
w

th
 c

o
n
ti
n
u
es

 
ap

p
ro

p
ri
at

el
y.

 W
ei

g
h
t 

m
ai

n
te

n
an

ce
 

fo
r 

th
e 

fi
rs

t 
fu

ll 
ye

ar
 o

n
 t

h
e 

d
ie

t 
(m

ai
n
te

n
an

ce
 d

efi
n
ed

 a
s 

st
ay

in
g
 

w
it
h
in

 w
ei

g
h
t 

ch
an

n
el

)

W
ei

g
h
t 

lo
ss

 c
an

 r
es

u
lt
 i
n
 

h
yp

er
ke

to
si

s 
an

d
 v

o
m

it
in

g
. 

C
o
n
si

st
en

t 
en

er
g
y 

in
ta

ke
 i
s 

im
p
o
rt

an
t.

W
ei

g
h
t 

g
ai

n
 c

an
 r

es
u
lt
 i
n
 a

 l
o
ss

 o
f 

ke
to

si
s,

 r
es

u
lt
in

g
 i
n
 l
o
ss

 o
f 

se
iz

u
re

 
co

n
tr

o
l.
 

B
io

ch
e
m

ic
a
l

M
D

 to
 o

rd
er

 th
e 

fo
llo

w
in

g 
se

ru
m

 la
b 

te
st

s 
(p

re
-d

ie
t a

nd
 m

on
th

ly
 fo

r t
he

 fi
rs

t 
m

on
th

s)
. M

D
 w

ill
 d

et
er

m
in

e 
sc

he
du

le
 

de
pe

nd
in

g 
on

 h
ow

 s
ta

bi
lit

y 
of

 th
e 

ch
ild

.

To
ta

l 
ch

o
le

st
er

o
l

Tr
ig

ly
ce

ri
d
es

M
o
d
ifi

ca
ti
o
n
 o

f 
fa

t 
so

u
rc

es
 m

ay
 b

e 
n
ee

d
ed

 i
f 
in

cr
ea

se
d
 l
ev

el
s 

d
o
 n

o
t 

d
ec

lin
e 

o
r 

st
ab

ili
ze

. 
A
d
d
in

g
 fi

sh
 o

il 
is

 a
n
 e

ff
ec

ti
ve

 t
h
er

ap
y 

to
 d

ec
re

as
e 

se
ru

m
 t

ri
g
ly

ce
ri
d
es

. 
C
o
n
ve

rt
in

g
 s

o
m

e 
o
f 
th

e 
fa

t 
fr

o
m

 h
ea

vy
 w

h
ip

p
in

g
 

cr
ea

m
 a

n
d
 b

u
tt

er
 t

o
 o

liv
e 

o
il 

o
r 

ca
n
o
la

 o
il 

is
 a

ls
o
 h

el
p
fu

l.

M
ild

 e
le

va
ti
o
n
s 

o
f 

ch
o
le

st
er

o
l 
an

d
 

tr
ig

ly
ce

ri
d
es

 a
re

 a
cc

ep
ta

b
le

. 
A
ft

er
 

in
it
ia

l 
in

cr
ea

se
 i
n
 c

h
o
le

st
er

o
l 
an

d
 

tr
ig

ly
ce

ri
d
es

 (
d
u
ri
n
g
 fi

rs
t 

6
 m

o
n
th

s)
, 

le
ve

ls
 w

ill
 s

ta
b
ili

ze
 o

r 
re

tu
rn

 t
o
 

b
as

el
in

e.



Nutrition Interventions for Children With Special Health Care Needs   251

Section 3 - Condition Specific Nutrition Interventions

A
ss

e
ss

m
e
n

t
In

te
rv

e
n

ti
o

n
E
v
a
lu

a
ti

o
n

/
O

u
tc

o
m

e
Fr

ee
 c

ar
n
it
in

e

E
st

er
ifi

ed
 c

ar
n
it
in

e

M
o
st

 c
h
ild

re
n
 b

ec
o
m

e 
d
efi

ci
en

t 
at

 
so

m
e 

p
o
in

t 
o
n
 t

h
e 

d
ie

t,
 e

sp
ec

ia
lly

 a
t 

th
e 

h
ig

h
er

 r
at

io
s.

D
efi

ci
en

cy
 c

an
 d

ec
re

as
e 

ef
fe

ct
iv

en
es

s 
o
f 
th

e 
d
ie

t 
to

 c
o
n
tr

o
l 

se
iz

u
re

s.
 D

ep
ak

o
te

 c
an

 d
ep

le
te

 
ca

rn
it
in

e.
 R

ec
o
m

m
en

d
 a

d
d
in

g
 

L-
ca

rn
it
in

e 
b
ef

o
re

 d
ie

t 
st

ar
t 

as
 t

h
e 

co
m

b
in

at
io

n
 o

f 
th

e 
tw

o
 c

an
 d

ep
le

te
 

st
o
re

s 
m

o
re

 r
ap

id
ly

.

B
eg

in
 s

u
p
p
le

m
en

ta
ti
o
n
 w

it
h
 L

-c
ar

n
it
in

e 
if
 n

ee
d
ed

.4
N

o
rm

al
 c

ar
n
it
in

e 
le

ve
ls

E
le

ct
ro

ly
te

s
M

o
n
it
o
r 

fo
r 

se
ve

re
 d

eh
yd

ra
ti
o
n
.

R
ec

o
m

m
en

d
 u

si
n
g
 t

ab
le

 s
al

t 
to

 t
as

te
 w

h
en

 c
o
o
ki

n
g
. 

C
o
n
si

d
er

 u
se

 o
f 

p
o
ta

ss
iu

m
 c

h
lo

ri
d
e 

(s
al

t 
su

b
st

it
u
te

) 
to

 m
ai

n
ta

in
 n

o
rm

al
 s

er
u
m

 l
ev

el
s 

if
 n

ee
d
ed

.

B
ic

ar
b
o
n
at

e 
o
f 
so

d
a 

(b
ak

in
g
 s

o
d
a)

 m
ay

 b
e 

u
se

d
 t

o
 n

o
rm

al
iz

e 
lo

w
 

se
ru

m
 c

ar
b
o
n
 d

io
xi

d
e.

 L
o
w

 s
er

u
m

 c
ar

b
o
n
 d

io
xi

d
e 

ca
n
 c

o
n
tr

ib
u
te

 t
o
 

vo
m

it
in

g
, 

es
p
ec

ia
lly

 d
u
ri
n
g
 t

h
e 

in
it
ia

ti
o
n
 p

h
as

e.

N
o
rm

al
 e

le
ct

ro
ly

te
 l
ev

el
s

C
re

at
in

in
e

B
U

N

M
ag

n
es

iu
m

Ph
o
sp

h
o
ru

s

C
al

ci
u
m

Pr
o
te

in

V
it
am

in
s 

E
, 

D
 

V
it
am

in
s 

A
 /

R
et

in
o
l 
b
in

d
in

g
 p

ro
te

in

M
in

o
r 

ab
n
o
rm

al
it
ie

s 
m

ay
 n

o
t 

n
ee

d
 t

o
 b

e 
co

rr
ec

te
d
. 

C
o
n
su

lt
 w

it
h
 

ke
to

g
en

ic
 d

ie
t 

te
am

.

• 
M

ai
n
ta

in
 n

o
rm

al
 v

it
am

in
 a

n
d
 m

in
er

al
 i
n
ta

ke
 b

y 
u
si

n
g
 a

p
p
ro

p
ri
at

e 
su

p
p
le

m
en

ta
l 
vi

ta
m

in
 w

it
h
 i
ro

n
. 

• 
S
ta

rt
 s

u
p
p
le

m
en

t 
b
ef

o
re

 s
ta

rt
in

g
 t

h
e 

d
ie

t.
• 

A
n
ti
ep

ile
p
ti
c 

m
ed

ic
at

io
n
s 

(A
E
D

’s
) 

in
te

ra
ct

 w
it
h
 v

it
am

in
 D

; 
g
en

er
al

ly
 a

n
y 

ch
ild

 o
n
 a

n
 A

E
D

 n
ee

d
s 

a 
vi

ta
m

in
 D

 s
u
p
p
le

m
en

t.
 

V
it
am

in
 D

 l
o
w

 i
n
 a

lm
o
st

 a
ll 

ca
se

s 
at

 s
ta

rt
 o

f 
d
ie

t
• 

T
h
e 

d
ie

t 
is

 l
o
w

 i
n
 c

al
ci

u
m

; 
su

p
p
le

m
en

ta
ti
o
n
 t

o
 e

q
u
al

 t
h
e 

D
R
I 

is
 

re
co

m
m

en
d
ed

.

S
er

u
m

 c
re

at
in

in
e,

 B
U

N
, 

m
ag

n
es

iu
m

, 
p
h
o
sp

h
o
ru

s,
 c

al
ci

u
m

, 
p
ro

te
in

 l
ev

el
s,

 
V
it
am

in
s 

A
, 

E
, 

D
 a

n
d
 r

et
in

o
l 
b
in

d
in

g
 

p
ro

te
in

 w
it
h
in

 n
o
rm

al
 l
im

it
s.

• 
M

ai
n
ta

in
 V

it
am

in
 D

 
su

p
p
le

m
en

ta
ti
o
n
; 

p
ro

fo
u
n
d
 d

ro
p
 

in
 D

 s
er

u
m

 v
al

u
es

 s
ee

n
 w

h
en

 M
V
I 

n
o
t 

ta
ke

n
 b

y 
ch

ild
.



252   Nutrition Interventions for Children With Special Health Care Needs

Chapter 22 - Ketogenic Diet for Seizure Disorders

A
ss

e
ss

m
e
n

t
In

te
rv

e
n

ti
o

n
E
v
a
lu

a
ti

o
n

/
O

u
tc

o
m

e
A
lb

u
m

in
, 

Pr
ea

lb
u
m

in
If

 a
lb

u
m

in
 i
s 

lo
w

, 
in

cr
ea

se
 p

ro
te

in
 i
n
ta

ke
.

A
lb

u
m

in
 l
ev

el
s 

w
it
h
in

 n
o
rm

al
 l
im

it
s.

A
E
D

 (
an

ti
ep

ile
p
ti
c 

m
ed

ic
at

io
n
) 

le
ve

ls
S
o
m

e 
an

ti
co

n
vu

ls
an

ts
 c

an
 h

av
e 

an
 i
n
cr

ea
se

 i
n
 m

ed
ic

at
io

n
 l
ev

el
 w

h
en

 
a 

st
at

e 
o
f 
ke

to
si

s 
is

 p
re

se
n
t.

• 
M

D
 t

o
 d

et
er

m
in

e 
if
 d

ec
re

as
e 

in
 

an
ti
co

n
vu

ls
an

ts
 i
s 

in
d
ic

at
ed

A
sp

ar
ta

te
 a

m
in

o
tr

an
sf

er
as

e 
(A

S
T
)

A
la

n
in

e 
am

in
o
tr

an
sf

er
as

e 
(A

LT
)

Fa
t 

ab
so

rp
ti
o
n
/m

et
ab

o
lis

m
 m

ay
 b

e 
d
ec

re
as

ed
 i
n
 l
iv

er
 d

is
ea

se
 -

 K
D

 
ca

n
 a

lt
er

 l
iv

er
 f
u
n
ct

io
n
 d

u
e 

to
 h

ig
h
 l
o
ad

 o
f 
fa

t

• 
H

ig
h
 A

S
T
 a

n
d
 A

LT
 m

ay
 i
n
d
ic

at
e 

th
e 

n
ee

d
 t

o
 

• 
d
ec

re
as

e 
ra

ti
o

N
o
rm

al
 A

S
T
 a

n
d
 A

LT
 l
ev

el
s

C
om

pl
et

e 
bl

oo
d 

co
un

t
C

lo
se

 p
hy

si
ci

an
 s

up
er

vi
si

on
 is

 n
ec

es
sa

ry
 to

 e
va

lu
at

e.
 

• 
Pr

ov
id

e 
ir
o
n
 s

u
p
p
le

m
en

t 
if
 a

n
em

ic
. 

• 
E
le

va
te

d
 h

em
o
g
lo

b
in

 a
n
d
 h

em
at

o
cr

it
 m

ay
 i
n
d
ic

at
e 

fl
u
id

 
d
efi

ci
t;

 o
b
ta

in
 fl

u
id

 i
n
ta

ke
 h

is
to

ry
, 

te
as

e 
o
u
t 

p
o
ss

ib
le

 c
au

se
s,

 
re

co
m

m
en

d
/r

e-
te

ac
h
 f
am

ily
 a

s 
ap

p
ro

p
ri
at

e

• 
M

ai
n
ta

in
 n

o
rm

al
 h

em
at

o
cr

it
 a

n
d
 

h
em

o
g
lo

b
in

.
• 

M
ai

n
ta

in
 a

d
eq

u
at

e 
h
yd

ra
ti
o
n
, 

b
as

ed
 o

n
 fl

u
id

 n
ee

d
s 

in
 m

Ls
 p

er
 

ki
lo

g
ra

m

U
ri
n
e 

ke
to

n
e 

le
ve

ls

• 
C
h
ec

ke
d
 a

t 
sa

m
e 

ti
m

e 
tw

ic
e 

d
ai

ly
, 

u
se

fu
l 
at

 t
h
e 

b
eg

in
n
in

g
 o

f 
th

e 
d
ie

t.
• 

A
ft

er
 i
n
it
ia

l 
st

ar
t,

 o
n
ly

 a
 g

o
o
d
 

in
d
ic

at
o
r 

o
f 
d
eh

yd
ra

ti
o
n
 o

r 
h
yp

er
ke

to
si

s 
in

 t
h
e 

co
n
te

xt
 o

f 
d
ec

re
as

ed
 o

ra
l 
in

ta
ke

 o
f 
fl
u
id

s 
o
r 

fo
o
d
.

Id
ea

lly
, 

u
ri
n
e 

ke
to

n
es

 s
h
o
u
ld

 b
e 

ch
ec

ke
d
 e

ve
ry

 m
o
rn

in
g
 a

n
d
 

af
te

rn
o
o
n
. 

If
 k

et
o
n
es

 a
re

 c
h
ec

ke
d
 j
u
st

 o
n
ce

 p
er

 d
ay

, 
th

en
 a

ft
er

n
o
o
n
 

o
r 

ev
en

in
g
 i
s 

n
ec

es
sa

ry
. 

C
ar

eg
iv

er
s 

sh
o
u
ld

 l
o
g
 k

et
o
n
e 

le
ve

ls
 d

ai
ly

 
al

o
n
g
 w

it
h
 s

ei
zu

re
 a

ct
iv

it
y 

to
 h

el
p
 e

va
lu

at
e 

th
e 

su
cc

es
s 

o
f 
th

e 
d
ie

t.

• 
A
M

 K
et

o
n
es

: 
co

n
si

st
en

t 
le

ve
l,
 

in
d
iv

id
u
al

iz
ed

 f
o
r 

ea
ch

 c
h
ild

• 
PM

 K
et

o
n
es

: 
co

n
si

st
en

t 
le

ve
l,
 

in
d
iv

id
u
al

iz
ed

 f
o
r 

ea
ch

 c
h
ild

• 
D

is
co

n
ti
n
u
e 

o
n
ce

 c
h
ild

 h
as

 
st

ab
ili

ze
d
 o

n
 t

h
e 

d
ie

t
• 

C
an

 b
e 

u
se

fu
l 
to

 c
h
ec

k 
fo

r 
h
yp

er
ke

to
si

s,
 a

n
d
 t

o
 c

h
ec

k 
th

e 
ef

fe
ct

s 
o
f 

fo
o
d
s 

ea
te

n
 t

h
at

 a
re

 
n
o
t 

al
lo

w
ed

 o
n
 t

h
e 

d
ie

t 
(l

o
w

er
 

ke
to

si
s 

th
an

 u
su

al
).

B
et

ah
yd

ro
xy

b
u
ty

ri
c 

A
ci

d

La
rg

e 
ke

to
n
e 

b
o
d
y 

fo
u
n
d
 i
n
 s

er
u
m

, 
co

n
si

d
er

ed
 t

h
e 

m
o
st

 r
el

ia
b
le

 m
et

h
o
d
 

fo
r 

d
et

er
m

in
in

g
 l
ev

el
 o

f 
ke

to
si

s

C
o
n
si

st
en

t 
ra

n
g
e 

d
ep

en
d
in

g
 o

n
 

ch
ild

’s
 r

es
p
o
n
se

 t
o
 t

h
e 

K
D

. 



Nutrition Interventions for Children With Special Health Care Needs   253

Section 3 - Condition Specific Nutrition Interventions

A
ss

e
ss

m
e
n

t
In

te
rv

e
n

ti
o

n
E
v
a
lu

a
ti

o
n

/
O

u
tc

o
m

e
S
el

en
iu

m

If
 n

o
t 

d
efi

ci
en

t 
b
ef

o
re

 s
ta

rt
in

g
 t

h
e 

d
ie

t,
 m

o
st

 w
ill

 b
ec

o
m

e 
d
efi

ci
en

t 
d
u
ri
n
g
 t

h
e 

co
u
rs

e 
o
f 
th

e 
d
ie

t.
 

D
efi

ci
en

cy
 s

ee
n
 w

it
h
 u

se
 o

f 
th

e 
A
E
D

 
D

ep
ak

o
te

.

S
el

en
iu

m
 s

u
p
p
le

m
en

ta
ti
o
n
, 

st
ar

t 
w

it
h
 4

0
 m

cg
s,

 r
ec

h
ec

k 
se

ru
m

 
va

lu
es

 

In
cr

ea
se

 d
o
se

 a
s 

n
ee

d
ed

 u
n
ti
l 
se

ru
m

 l
ev

el
s 

ar
e 

n
o
rm

al
.

M
ai

n
ta

in
 s

el
en

iu
m

 w
it
h
in

 n
o
rm

al
 

se
ru

m
 l
im

it
s.

Z
in

c

Lo
w

 s
er

u
m

 v
al

u
e

S
u
p
p
le

m
en

t 
w

it
h
 1

5
 m

g
s 

zi
n
c,

 r
ec

h
ec

k 
se

ru
m

 v
al

u
es

. 
In

cr
ea

se
 d

o
se

 
if
 n

ee
d
ed

 u
n
ti
l 
se

ru
m

 l
ev

el
s 

ar
e 

n
o
rm

al
.

M
ai

n
ta

in
 z

in
c 

w
it
h
in

 n
o
rm

al
 s

er
u
m

 
lim

it
s.

C
lin

ic
al

: M
on

ito
r s

id
e 

ef
fe

ct
s 

of
 d

ie
t

A
cu

te
 s

ym
pt

om
s:

Le
th

ar
g
y

M
ay

 b
e 

se
en

 w
it
h
in

 t
h
e 

fi
rs

t 
co

u
p
le

 o
f 
w

ee
ks

 o
f 
d
ie

t 
in

it
ia

ti
o
n
.

Tr
an

si
en

t 
le

th
ar

g
y 

is
 n

o
rm

al
. 

N
o
rm

al
 

ac
ti
vi

ty
 r

et
u
rn

s.

A
ci

d
o
si

s
A
n
 e

xp
ec

te
d
 s

id
e 

ef
fe

ct

In
 t

h
e 

p
re

se
n
ce

 o
f 
lo

w
 c

ar
b
o
n
 d

io
xi

d
e,

 g
iv

in
g
 ¼

 t
sp

. 
b
ak

in
g
 s

o
d
a 

m
ay

 h
el

p
 i
f 
ch

ild
 i
s 

vo
m

it
in

g
.

p
H

 w
it
h
in

 n
o
rm

al
 r

an
g
e 

N
au

se
a/

vo
m

it
in

g
M

ay
 b

e 
a 

si
g
n
 o

f 
h
yp

er
ke

to
si

s.
 G

iv
e 

1
5
-3

0
 c

c 
o
ra

n
g
e 

ju
ic

e 
if
 k

et
o
n
es

 
ar

e 
>

8
0
 m

g
/d

L 
in

 A
M

 o
r 

>
1
6
0
 m

g
/d

L 
in

 P
M

 a
n
d
 n

au
se

a 
o
r 

vo
m

it
in

g
 

is
 a

 p
ro

b
le

m
. 

B
ak

in
g
 s

o
d
a,

 ¼
 t

sp
. 

ca
n
 a

ls
o
 b

e 
u
se

d
 t

o
 r

el
ie

ve
 

sy
m

p
to

m
s.

 E
n
co

u
ra

g
e 

p
at

ie
n
t 

to
 t

ak
e 

al
l 
o
f 
d
ai

ly
 fl

u
id

 a
llo

w
an

ce
. 

D
eh

yd
ra

ti
o
n
 c

an
 o

cc
u
r 

q
u
ic

kl
y 

w
it
h
 m

o
d
er

at
e 

to
 s

ev
er

e 
vo

m
it
in

g
. 

If
 

n
o
 i
m

p
ro

ve
m

en
t 

w
it
h
in

 2
4
 h

o
u
rs

 o
r 

vo
m

it
in

g
 i
s 

se
ve

re
, 

co
n
ta

ct
 M

D
.

K
et

o
n
es

 w
it
h
in

 n
o
rm

al
 l
im

it
s 

b
as

ed
 

o
n
 c

h
ild

’s
 n

o
rm

al
 v

al
u
es

. 

N
au

se
a 

an
d
 v

o
m

it
in

g
 a

re
 d

im
in

is
h
ed

. 
K
et

o
n
e 

le
ve

ls
 r

em
ai

n
 w

it
h
in

 
ac

ce
p
ta

b
le

 l
im

it
s.



254   Nutrition Interventions for Children With Special Health Care Needs

Chapter 22 - Ketogenic Diet for Seizure Disorders

A
ss

e
ss

m
e
n

t
In

te
rv

e
n

ti
o

n
E
v
a
lu

a
ti

o
n

/
O

u
tc

o
m

e
H

yp
o
g
ly

ce
m

ia
H

yp
o
g
ly

ce
m

ia
 i
s 

co
m

m
o
n
 a

n
d
 d

o
es

 n
o
t 

re
q
u
ir
e 

tr
ea

tm
en

t.
 

S
ym

p
to

m
at

ic
 h

yp
o
g
ly

ce
m

ia
 i
s 

ve
ry

 r
ar

e 
w

h
en

 i
n
it
ia

ti
n
g
 t

h
e 

d
ie

t 
w

it
h
o
u
t 

a 
fa

st
in

g
 p

er
io

d
. 

H
yp

o
g
ly

ce
m

ia
 m

ay
 n

o
t 

o
cc

u
r 

u
n
ti
l 
th

e 
se

co
n
d
 o

r 
th

ir
d
 d

ay
 o

f 
th

e 
d
ie

t 
in

it
ia

ti
o
n
 w

h
en

 u
si

n
g
 a

 n
o
n
-f

as
ti
n
g
 

st
ar

t.
 

S
ym

p
to

m
s 

in
cl

u
d
e:

• 
Pa

llo
r 

an
d
 f
at

ig
u
e

• 
N

au
se

a
• 

E
xc

es
s 

d
ro

w
si

n
es

s
• 

D
ia

p
h
o
re

si
s

• 
C
o
n
fu

si
o
n

• 
S
ei

zu
re

s
• 

Ji
tt

er
in

es
s

• 
Ta

ch
yc

ar
d
ia

S
ym

p
to

m
at

ic
 h

yp
o
g
ly

ce
m

ia
 s

h
o
u
ld

 b
e 

tr
ea

te
d
.11

 U
su

al
ly

 1
5
-3

0
 m

Ls
 o

f 
o
ra

n
g
e 

ju
ic

e 
is

 g
iv

en
.

B
lo

o
d
 g

lu
co

se
 l
ev

el
s 

re
m

ai
n
 w

it
h
in

 
ac

ce
p
ta

b
le

 l
im

it
s 

w
it
h
o
u
t 

sy
m

p
to

m
s 

o
f 

h
yp

o
g
ly

ce
m

ia
.

E
ff
ec

ts
 o

f 
m

ed
ic

at
io

n
s

S
o
m

e 
an

ti
co

n
vu

ls
an

ts
 (

es
p
ec

ia
lly

 b
ar

b
it
u
ra

te
s,

 e
.g

.,
 p

h
en

o
b
ar

b
it
al

) 
ca

n
 h

av
e 

an
 i
n
cr

ea
se

 i
n
 m

ed
ic

at
io

n
 l
ev

el
 w

h
en

 a
 s

ta
te

 o
f 
ke

to
si

s 
is

 
p
re

se
n
t.

15

M
ed

ic
at

io
n
 l
ev

el
s 

re
m

ai
n
 w

it
h
in

 t
h
e 

th
er

ap
eu

ti
c 

ra
n
g
es

.

C
hr

on
ic

 E
ffe

ct
s

H
yp

er
lip

id
em

ia
N

o
 l
o
n
g
-t

er
m

 c
ar

d
io

va
sc

u
la

r 
si

d
e 

ef
fe

ct
s 

ar
e 

kn
o
w

n
. 

If
 t

ri
g
ly

ce
ri
d
e 

le
ve

ls
 a

re
 c

o
n
st

an
tl
y 

ri
si

n
g
 a

n
d
 d

o
 n

o
t 

su
b
si

d
e,

 t
h
e 

ri
sk

 o
f 

co
m

p
lic

at
io

n
s 

ve
rs

u
s 

th
e 

b
en

efi
t 

o
f 
th

e 
d
ie

t 
m

u
st

 b
e 

co
n
si

d
er

ed
. 

Ph
en

o
b
ar

b
it
o
l 
ca

n
 i
n
cr

ea
se

 s
er

u
m

 t
ri
g
ly

ce
ri
d
es

.

S
er

u
m

 t
ri
g
ly

ce
ri
d
e 

an
d
 c

h
o
le

st
er

o
l 

in
 a

cc
ep

ta
b
le

 r
an

g
e.

 S
lig

h
t 

el
ev

at
io

n
 

is
 a

cc
ep

ta
b
le

. 
E
va

lu
at

e 
if
 t

re
n
d
in

g
 

u
p
w

ar
d
 i
f 

p
re

vi
o
u
sl

y 
st

ab
le

.

V
it
am

in
 o

r 
m

in
er

al
 d

efi
ci

en
cy

A
ll 

p
at

ie
n
ts

 s
h
o
u
ld

 b
e 

g
iv

en
 a

 s
u
g
ar

le
ss

 m
u
lt
iv

it
am

in
/ 

m
in

er
al

 
an

d
 c

al
ci

u
m

 s
u
p
p
le

m
en

t.
 T

h
e 

d
ie

t 
is

 i
n
ad

eq
u
at

e 
fo

r 
m

o
st

 v
it
am

in
s 

an
d
 m

in
er

al
s.

 A
n
ti
co

n
vu

ls
an

t 
m

ed
ic

at
io

n
-n

u
tr

ie
n
t 

in
te

ra
ct

io
n
s 

ar
e 

co
m

m
o
n
. 

S
ee

 C
h
ap

te
r 

5
 f
o
r 

sp
ec

ifi
c 

as
se

ss
m

en
t 

an
d
 i
n
te

rv
en

ti
o
n
 

g
u
id

el
in

es
.

C
h
ild

 r
ec

ei
ve

s 
ad

eq
u
at

e 
am

o
u
n
ts

 o
f 

vi
ta

m
in

s 
an

d
 m

in
er

al
s.

G
ro

w
th

S
o
m

e 
sl

o
w

in
g
 i
n
 g

ro
w

th
 m

ay
 o

cc
u
r 

o
n
 t

h
e 

d
ie

t.
 C

at
ch

-u
p
 g

ro
w

th
 i
s 

lik
el

y 
w

h
en

 t
h
e 

d
ie

t 
is

 d
is

co
n
ti
n
u
ed

.
G

ro
w

th
 s

h
o
u
ld

 b
e 

p
lo

tt
ed

 a
t 

ea
ch

 
fo

llo
w

-u
p
 v

is
it
.



Nutrition Interventions for Children With Special Health Care Needs   255

Section 3 - Condition Specific Nutrition Interventions

A
ss

e
ss

m
e
n

t
In

te
rv

e
n

ti
o

n
E
v
a
lu

a
ti

o
n

/
O

u
tc

o
m

e
C
o
n
st

ip
at

io
n

• 
D

et
er

m
in

e 
p
re

-d
ie

t 
b
o
w

el
 

p
at

te
rn

• 
In

te
rv

en
e 

if
 c

h
ild

 i
s 

co
n
st

ip
at

ed
 

b
ef

o
re

 s
ta

rt
 o

f 
d
ie

t

D
u
e 

to
 t

h
e 

la
ck

 o
f 
fi
b
er

 i
n
 t

h
e 

d
ie

t,
 m

an
y 

ch
ild

re
n
 r

eq
u
ir
e 

in
te

rv
en

ti
o
n
. 

M
ir
al

ax
, 

D
u
lc

o
la

x,
 C

o
la

ce
, 

g
ly

ce
ri
n
e 

su
p
p
o
si

to
ry

, 
B
en

efi
b
er

 a
n
d
 m

ilk
 o

f 
m

ag
n
es

ia
 m

ay
 b

e 
u
se

d
. 

U
se

 o
f 
lo

w
er

 
ca

rb
o
h
yd

ra
te

 f
ru

it
s 

an
d
 v

eg
et

ab
le

s 
(1

0
%

 f
ru

it
s 

an
d
 g

ro
u
p
 A

 
ve

g
et

ab
le

s)
‡
 s

h
o
u
ld

 b
e 

en
co

u
ra

g
ed

 i
n
 o

rd
er

 t
o
 m

ax
im

iz
e 

th
e 

se
rv

in
g
 

si
ze

 o
f 
fi
b
er

-c
o
n
ta

in
in

g
 f
o
o
d
s.

B
o
w

el
 m

ov
em

en
ts

 s
h
o
u
ld

 b
e 

ac
h
ie

ve
d
 a

t 
le

as
t 

ev
er

y 
1
-2

 d
ay

s.

K
id

n
ey

 s
to

n
es

In
cr

ea
se

d
 r

is
k 

if
 f
am

ily
 h

is
to

ry
 o

r 
u
se

 o
f 
A
E
D

 T
o
p
am

ax
 o

r 
Z
o
n
eg

ra
n

E
va

lu
at

io
n
 b

y 
a 

re
n
al

 s
p
ec

ia
lis

t 
is

 p
re

fe
rr

ed
. 

C
o
n
ti
n
u
at

io
n
 o

f 
th

e 
d
ie

t 
m

ay
 b

e 
p
o
ss

ib
le

 w
it
h
 i
n
cr

ea
se

 i
n
 fl

u
id

 i
n
ta

ke
. 

C
al

ci
u
m

 i
n
ta

ke
 g

re
at

er
 

th
an

 t
h
e 

D
R
I 

is
 d

is
co

u
ra

g
ed

.2,
4

,8

N
o
n
co

m
p
lia

n
ce

T
h
is

 i
s 

th
e 

m
o
st

 c
o
m

m
o
n
 p

ro
b
le

m
. 

It
 i
s 

m
o
re

 p
re

va
le

n
t 

in
 

o
ld

er
 c

h
ild

re
n
 a

n
d
 p

o
o
rl
y 

o
rg

an
iz

ed
 f
am

ili
es

. 
D

ec
re

as
ed

 k
 

b
et

ah
yd

ro
xy

b
u
ty

ra
te

 a
n
d
 i
n
cr

ea
se

d
 s

ei
zu

re
s 

ar
e 

ty
p
ic

al
. 

D
ie

t 
ca

lc
u
la

ti
o
n
s 

sh
o
u
ld

 b
e 

re
ch

ec
ke

d
 f
o
r 

m
is

ca
lc

u
la

ti
o
n
 o

r 
ex

ce
ss

iv
e 

en
er

g
y.

 P
o
ss

ib
le

 e
rr

o
rs

 i
n
 f
o
o
d
 p

re
p
ar

at
io

n
 s

h
o
u
ld

 b
e 

d
is

cu
ss

ed
. 

M
o
re

 
o
ft

en
 t

h
an

 n
o
t,

 f
am

ily
 h

as
 a

d
d
ed

 a
n
 e

xt
ra

 s
n
ac

k 
o
r 

m
ea

l.
 S

o
m

et
im

es
 

th
ey

 c
h
an

g
e 

th
e 

ra
ti
o
 b

y 
g
iv

in
g
 a

d
d
it
io

n
al

 p
ro

te
in

 o
r 

ca
rb

o
h
yd

ra
te

 
w

h
ic

h
 c

h
an

g
es

 s
ei

zu
re

 c
o
n
tr

o
l.
 N

o
t 

g
iv

in
g
 a

ll 
o
f 
th

e 
fa

t 
in

 m
ea

l 
p
la

n
 

ca
n
 a

ls
o
 c

au
se

 i
n
cr

ea
se

d
 s

ei
zu

re
s.

 C
ar

eg
iv

er
s 

m
u
st

 b
e 

en
co

u
ra

g
ed

 t
o
 

b
e 

“s
le

u
th

s”
 i
n
 l
o
o
ki

n
g
 f
o
r 

p
o
ss

ib
le

 m
is

ta
ke

s 
o
r 

ex
tr

a 
ca

rb
o
h
yd

ra
te

 i
n
 

th
e 

d
ie

t 
(m

ed
ic

at
io

n
s,

 t
o
o
th

p
as

te
, 

an
d
 “

su
g
ar

-f
re

e”
 b

ev
er

ag
es

).

S
tr

ic
t 

ad
h
er

en
ce

 t
o
 t

h
e 

d
ie

t 
fo

r 
at

 l
ea

st
 3

 m
o
n
th

s 
fo

r 
ad

eq
u
at

e 
ev

al
u
at

io
n
 o

f 
d
ie

t 
su

cc
es

s 
o
n
 s

ei
zu

re
 

co
n
tr

o
l.
 C

o
n
ti
n
u
ed

 s
tr

ic
t 

ad
h
er

en
ce

 
to

 t
h
e 

d
ie

t 
is

 n
ec

es
sa

ry
 t

o
 m

ai
n
ta

in
 

se
iz

u
re

 c
o
n
tr

o
l.

D
ie

ta
ry

O
b
ta

in
 d

ie
t 

h
is

to
ry

 a
n
d
/o

r 
3
 d

ay
 

fo
o
d
 r

ec
o
rd

, 
in

cl
u
d
in

g
 a

ll 
fo

o
d
 

p
re

fe
re

n
ce

s.

R
ev

ie
w

 i
n
ta

ke
.

In
ta

ke
 i
s 

ap
p
ro

p
ri
at

e,
 w

it
h
 

co
n
si

d
er

at
io

n
 o

f 
n
u
tr

ie
n
ts

 d
is

cu
ss

ed
 

b
el

o
w

.

R
ev

ie
w

 a
ll 

m
ed

ic
at

io
n
s 

an
d
 

n
u
tr

it
io

n
al

 s
u
p
p
le

m
en

ts
 

cu
rr

en
tl
y 

u
se

d
. 

A
ss

es
s 

am
o
u
n
t 

o
f 
ca

rb
o
h
yd

ra
te

 p
ro

vi
d
ed

 b
y 

su
p
p
le

m
en

ts
 a

n
d
 m

ed
ic

at
io

n
s.

 
K
et

o
ca

lc
u
la

to
r 

co
n
ta

in
s 

th
e 

ca
rb

o
h
yd

ra
te

 c
o
n
te

n
t 

o
f 
m

an
y 

co
m

m
o
n
 s

u
p
p
le

m
en

ts
 a

n
d
 

m
ed

ic
at

io
n
s.

M
ed

ic
at

io
n
s 

sh
o
u
ld

 b
e 

co
n
ve

rt
ed

 t
o
 l
o
w

es
t 

ca
rb

o
h
yd

ra
te

-c
o
n
ta

in
in

g
 

fo
rm

. 
N

u
tr

it
io

n
al

 s
u
p
p
le

m
en

ts
 s

h
o
u
ld

 b
e 

ev
al

u
at

ed
 a

n
d
 c

ov
er

te
d
 t

o
 

th
e 

lo
w

es
t 

ca
rb

o
h
yd

ra
te

 f
o
rm

.

In
 g

en
er

al
, 

n
o
 p

ed
ia

tr
ic

 f
o
rm

u
la

ti
o
n
s,

 c
h
ew

 t
ab

s 
o
r 

liq
u
id

s 
sh

o
u
ld

 b
e 

u
se

d
.

C
o
n
tr

ib
u
ti
o
n
 o

f 
ca

rb
o
h
yd

ra
te

 f
ro

m
 m

ed
ic

at
io

n
s 

an
d
 s

u
p
p
le

m
en

ts
 

sh
o
u
ld

 b
e 

u
n
d
er

 1
0
0
0
 m

g
s.

 O
th

er
w

is
e,

 v
al

u
es

 g
re

at
er

 t
h
an

 1
0
0
0
 

m
g
s.

 s
h
o
u
ld

 b
e 

ca
lc

u
la

te
d
 i
n
to

 t
h
e 

m
ea

l 
p
la

n
s.

11

Fo
llo

w
 m

ed
ic

at
io

n
 l
is

t 
at

 e
ac

h
 c

lin
ic

 
vi

si
t.

 M
ak

e 
su

re
 n

o
th

in
g
 h

as
 b

ee
n
 

u
se

d
 o

r 
ad

d
ed

 t
h
at

 i
s 

n
o
t 

o
n
 t

h
e 

ap
p
ro

ve
d
 l
is

t.
 B

re
ak

th
ro

u
g
h
 s

ei
zu

re
s 

ca
n
 o

cc
u
r.

16
 F

o
r 

ex
am

p
le

, 
th

re
e 

te
as

p
o
o
n
s 

o
f 

liq
u
id

 a
u
g
m

en
ti
n
 y

ie
ld

s 
1
9
1
4
 m

g
s 

o
f 

ca
rb

o
h
yd

ra
te

. 
Fa

m
ili

es
 

h
av

e 
re

p
o
rt

ed
 b

re
ak

th
ro

u
g
h
 s

ei
zu

re
s 

w
it
h
 u

se
 o

f 
h
ig

h
 s

u
g
ar

 f
o
rm

u
la

ti
o
n
s 

su
ch

 a
s 

th
is

.



256   Nutrition Interventions for Children With Special Health Care Needs

Chapter 22 - Ketogenic Diet for Seizure Disorders

A
ss

e
ss

m
e
n

t
In

te
rv

e
n

ti
o

n
E
v
a
lu

a
ti

o
n

/
O

u
tc

o
m

e
A
ss

es
s 

en
er

g
y 

n
ee

d
s

D
ai

ly
 e

n
er

g
y 

g
o
al

—
u
si

n
g
 I

B
W

, 
a 

st
ar

ti
n
g
 p

o
in

t 
o
f 
7
5
-1

0
0
%

 D
R
I 

fo
r 

ag
e 

is
 a

p
p
ro

p
ri
at

e 
u
n
le

ss
 c

u
rr

en
t 

en
er

g
y 

in
ta

ke
 i
s 

si
g
n
ifi

ca
n
tl
y 

g
re

at
er

 o
r 

le
ss

 t
h
an

 t
h
e 

D
R
I4,

11
.

A
d
ju

st
 r

ec
o
m

m
en

d
at

io
n
s 

fo
r 

en
er

g
y 

in
ta

ke
, 

b
as

ed
 o

n
 r

at
e 

o
f 
w

ei
g
h
t 

g
ai

n
. 

E
xc

es
si

ve
 w

ei
g
h
t 

g
ai

n
 c

an
 n

eg
at

e 
th

e 
ef

fe
ct

s 
o
f 
th

e 
d
ie

t.
 S

lo
w

 
w

ei
g
h
t 

g
ai

n
 m

ay
 b

e 
ap

p
ro

p
ri
at

e 
if
 k

et
o
si

s 
is

 a
ch

ie
ve

d
. 

S
lo

w
 w

ei
g
h
t 

g
ai

n
, 

m
ai

n
ta

in
 

B
M

I 
p
er

ce
n
ti
le

, 
st

ab
le

 
b
et

ah
yd

ro
xy

b
u
ty

ra
te

 (
n
o
 e

xt
re

m
e 

fl
u
ct

u
at

io
n
s 

u
p
 o

r 
d
o
w

n
.)

A
ss

es
s 

p
ro

te
in

 n
ee

d
s

D
ai

ly
 p

ro
te

in
 g

o
al

—
p
ro

te
in

 s
h
o
u
ld

 b
e 

ke
p
t 

at
 D

R
I 

p
er

 k
ilo

g
ra

m
 I

B
W

 
if
 p

o
ss

ib
le

, 
w

it
h
 a

 m
in

im
u
m

 1
.0

 g
/k

g
 f
o
r 

ch
ild

re
n
 l
es

s 
th

an
 7

 y
ea

rs
 

o
f 
ag

e 
an

d
 a

 m
in

im
u
m

 0
.8

 g
/k

g
 f
o
r 

ch
ild

re
n
 7

 y
ea

rs
 a

n
d
 o

ld
er

. 
M

ai
n
ta

in
in

g
 a

d
eq

u
at

e 
p
ro

te
in

 l
ev

el
s 

ca
n
 b

e 
d
if
fi
cu

lt
 i
n
 c

h
ild

re
n
 w

it
h
 

lo
w

 e
n
er

g
y 

n
ee

d
s.

4,
11

N
o
rm

al
 p

ro
te

in
 s

ta
tu

s 
is

 m
ai

n
ta

in
ed

.

A
ss

es
s 

fl
u
id

 n
ee

d
s

D
ai

ly
 fl

u
id

 g
o
al

—
6
0
-7

0
 c

c 
p
er

 k
g
 I

B
W

 o
r 

1
 c

c/
kc

al
. 

C
o
n
si

st
en

t 
fl
u
id

 m
u
st

 b
e 

sp
ac

ed
 o

u
t 

ev
en

ly
 t

h
ro

u
g
h
o
u
t 

th
e 

d
ay

. 
E
d
u
ca

te
 t

h
e 

ca
re

g
iv

er
s 

o
n
 s

ig
n
s 

an
d
 s

ym
p
to

m
s 

o
f 
d
eh

yd
ra

ti
o
n
. 4

,1
1 .

Fl
u
id

 w
ill

 n
o
t 

af
fe

ct
 k

et
o
si

s.
 M

ai
n
ta

in
 

ad
eq

u
at

e 
h
yd

ra
ti
o
n
 s

ta
tu

s.
 H

ig
h
 

h
em

o
g
lo

b
in

 a
n
d
 h

em
at

o
cr

it
 m

ay
 

in
d
ic

at
e 

m
ild

 d
eh

yd
ra

ti
o
n
. 

D
ev

el
o
p
 d

ie
t 

p
re

sc
ri
p
ti
o
n
 a

n
d
 m

ea
l 

p
la

n
s

E
st

ab
lis

h
 m

ea
l 
sc

h
ed

u
le

—
3
 m

ea
ls

/d
ay

 i
s 

st
an

d
ar

d
, 

b
u
t 

sm
al

le
r,
 m

o
re

 
fr

eq
u
en

t 
m

ea
ls

 m
ay

 b
e 

n
ee

d
ed

. 
If

 t
u
b
e-

fe
d
, 

d
et

er
m

in
e 

tu
b
e-

fe
ed

in
g
 

re
g
im

en
. 

B
o
th

 b
o
lu

s 
an

d
 c

o
n
ti
n
u
o
u
s 

re
g
im

en
s 

ca
n
 b

e 
ac

h
ie

ve
d
.11

M
ai

n
ta

in
 s

te
ad

y 
ke

to
si

s 
b
y 

ea
ti
n
g
 

ev
en

ly
 s

p
ac

ed
 m

ea
ls

 a
n
d
 c

o
n
si

st
en

t 
ca

rb
o
h
yd

ra
te

, 
p
ro

te
in

, 
an

d
 f

at
 a

t 
ea

ch
 m

ea
l.



Nutrition Interventions for Children With Special Health Care Needs   257

Section 3 - Condition Specific Nutrition Interventions

A
ss

e
ss

m
e
n

t
In

te
rv

e
n

ti
o

n
E
v
a
lu

a
ti

o
n

/
O

u
tc

o
m

e
D

ev
el

o
p
 d

ie
t 

p
re

sc
ri
p
ti
o
n
 a

n
d
 m

ea
l 

p
la

n
s

1
. 

C
al

o
ri
c 

n
ee

d
s 

b
as

ed
 o

n
 t

h
re

e-
d
ay

 
d
ie

t 
h
is

to
ry

2
. 

D
ie

ta
ry

 p
re

fe
re

n
ce

s 
b
as

ed
 o

n
 

p
re

fe
re

n
ce

 s
u
rv

ey

E
st

ab
lis

h
 r

at
io

 (
d
efi

n
ed

 a
s 

g
ra

m
s 

o
f 
fa

t 
to

 g
ra

m
s 

o
f 
p
ro

te
in

 a
n
d
 

ca
rb

o
h
yd

ra
te

 c
o
m

b
in

ed
).

 C
o
n
su

lt
 w

it
h
 K

D
 E

p
ile

p
to

lo
g
is

t 
to

 d
et

er
m

in
e 

st
ar

ti
n
g
 r

at
io

, 
an

d
 b

es
t 

p
la

n
 f
o
r 

K
D

 s
ta

rt
. 

T
h
is

 w
ill

 b
e 

d
ep

en
d
en

t 
o
n
 

ag
e 

o
f 
ch

ild
, 

an
d
 o

ve
ra

ll 
ca

lo
ri
c 

n
ee

d
. 

S
o
m

e 
p
ro

g
ra

m
s 

st
ar

t 
w

it
h
 a

 
2
4
-h

o
u
r 

fa
st

 o
r 

lo
n
g
er

, 
so

m
e 

o
n
ly

 f
as

t 
af

te
r 

m
id

n
ig

h
t 

th
e 

d
ay

 b
ef

o
re

 
th

e 
d
ie

t 
st

ar
t.

 

S
ta

rt
: 

1
. 

C
o
n
si

st
en

t 
ra

ti
o,

 i
n
cr

ea
se

 c
al

o
ri
es

 o
ve

r 
th

re
e 

d
ay

s,
 1

/3
, 

2
/3

, 
th

en
 

fu
ll 

ca
lo

ri
es

. 

2
. 

Pr
o
g
re

ss
iv

e 
ra

ti
o
 r

am
p
-u

p
, 

1
:1

, 
2
:1

, 
3
:1

 f
o
r 

ex
am

p
le

. 
 

3
. 

O
u
tp

at
ie

n
t 

d
ie

t 
in

it
ia

ti
o
n
 p

ro
g
ra

m
 -

 s
ta

rt
 w

it
h
 t

h
e 

lo
w

es
t 

ra
ti
o,

 
th

en
 r

am
p
 u

p
 t

h
e 

ra
ti
o
 e

ve
ry

 3
-5

 d
ay

s 
u
n
ti
l 
th

e 
d
es

ir
ed

 r
at

io
 i
s 

ac
h
ie

ve
d
. 

Lo
w

er
 r

at
io

s 
m

ay
 b

e 
n
ec

es
sa

ry
 f
o
r 

ch
ild

re
n
 w

it
h
 v

er
y 

lo
w

 e
n
er

g
y 

n
ee

d
s 

in
 o

rd
er

 t
o
 m

ai
n
ta

in
 a

d
eq

u
at

e 
p
ro

te
in

 i
n
 t

h
e 

d
ie

t.

K
et

o
g
en

ic
 d

ie
t 

ra
ti
o
 s

u
ffi

ci
en

t 
to

 
m

ai
n
ta

in
 c

o
n
si

st
en

tl
y 

h
ig

h
 k

et
o
si

s,
 

an
d
 o

p
ti
m

u
m

 s
ei

zu
re

 c
o
n
tr

o
l.
 

B
et

ah
yd

ro
xy

b
u
ty

ra
te

 w
it
h
in

 
co

n
si

st
en

t 
ra

n
g
e.

R
ec

o
m

m
en

d
 u

si
n
g
 K

et
o
ca

lc
u
la

to
r 

o
r 

S
ta

n
fo

rd
 c

al
cu

la
to

r.
 C

o
m

p
u
te

r 
p
ro

g
ra

m
s 

g
iv

e 
m

o
re

 a
cc

u
ra

te
 i
n
fo

rm
at

io
n
 a

n
d
 a

re
 f
as

te
r.
 B

o
th

 
p
ro

g
ra

m
s 

ar
e 

fr
ee

. 
Fa

m
ili

es
 c

an
 b

e 
tr

ai
n
ed

 t
o
 c

al
cu

la
te

 m
ea

l 
p
la

n
s 

w
h
en

 a
p
p
ro

p
ri
at

e.

Fa
m

ili
es

 s
h
o
u
ld

 b
e 

g
iv

en
 a

t 
le

as
t 

1
0
-

1
5
 m

ea
l 
p
la

n
s 

to
 i
n
it
ia

te
 d

ie
t.

C
al

o
ri
c 

n
ee

d
s 

ar
e 

m
et

, 
p
ro

vi
d
in

g
 

w
ei

g
h
t 

m
ai

n
te

n
an

ce
 o

r 
sl

ig
h
t 

g
ai

n
 

to
 m

ai
n
ta

in
 B

M
I 

p
er

ce
n
ti
le

. 
B
ig

 
fl
u
ct

u
at

io
n
s 

ca
n
 c

au
se

 h
yp

er
ke

to
si

s,
 

w
it
h
 s

ym
p
to

m
s,

 o
r 

h
yp

o
ke

to
si

s 
re

su
lt
in

g
 i
n
 d

ec
lin

e 
in

 s
ei

zu
re

 c
o
n
tr

o
l.
 



258   Nutrition Interventions for Children With Special Health Care Needs

Chapter 22 - Ketogenic Diet for Seizure Disorders

A
ss

e
ss

m
e
n

t
In

te
rv

e
n

ti
o

n
E
v
a
lu

a
ti

o
n

/
O

u
tc

o
m

e
D

et
er

m
in

e 
ed

u
ca

ti
o
n
 n

ee
d
s

K
et

o
g
en

ic
 D

ie
t 

ed
u
ca

ti
o
n
—

ca
re

g
iv

er
s 

co
m

e 
w

it
h
 d

if
fe

re
n
t 

le
ve

ls
 

o
f 
u
n
d
er

st
an

d
in

g
 a

n
d
 p

re
p
ar

at
io

n
 r

eg
ar

d
in

g
 t

h
e 

d
ie

t.
 E

d
u
ca

ti
o
n
 

p
ro

g
ra

m
 s

h
o
u
ld

 i
n
cl

u
d
e:

• 
H

is
to

ry
 o

f 
th

e 
d
ie

t
• 

T
h
eo

re
ti
ca

l 
b
as

is
• 

E
xp

ec
ta

ti
o
n
s 

o
f 
th

e 
d
ie

t
• 

Po
ss

ib
le

 c
o
m

p
lic

at
io

n
s

• 
E
xp

ec
ta

ti
o
n
s 

o
f 
th

e 
p
ro

g
ra

m
• 

R
es

o
u
rc

es
 n

ee
d
ed

• 
K
et

o
n
e 

te
st

in
g

• 
H

o
w

 t
o
 h

an
d
le

 i
lln

es
s

• 
Im

p
o
rt

an
ce

 o
f 
co

m
p
lia

n
ce

• 
M

o
n
it
o
ri
n
g
 r

eq
u
ir
em

en
ts

• 
N

u
tr

it
io

n
al

 g
u
id

el
in

es
—

en
er

g
y,

 p
ro

te
in

, 
ca

rb
o
h
yd

ra
te

, 
fa

t,
 fl

u
id

s,
 

vi
ta

m
in

s,
 a

n
d
 m

in
er

al
s

• 
M

ea
l 
p
la

n
n
in

g
—

ea
ti
n
g
 c

o
n
si

st
en

tl
y,

 u
si

n
g
 a

 g
ra

m
 s

ca
le

, 
ca

re
fu

l 
m

ea
su

ri
n
g
, 

re
ci

p
e 

su
g
g
es

ti
o
n
s,

 a
n
d
 m

ea
l 
p
re

p
ar

at
io

n

G
iv

e 
ca

re
g
iv

er
s 

as
 m

u
ch

 w
ri
tt

en
 i
n
fo

rm
at

io
n
 a

s 
p
o
ss

ib
le

 i
n
 a

n
 

o
rg

an
iz

ed
 f
o
rm

at
 f
o
r 

h
o
m

e 
re

fe
re

n
ce

. 
E
d
u
ca

ti
o
n
 o

n
 a

n
 o

u
tp

at
ie

n
t 

b
as

is
 m

ay
 b

e 
ac

h
ie

ve
d
 w

it
h
 a

 o
n
e-

d
ay

 c
la

ss
. 

T
h
e 

o
u
tp

at
ie

n
t 

ap
p
ro

ac
h
 

al
lo

w
s 

an
 e

d
u
ca

ti
o
n
 e

n
vi

ro
n
m

en
t 

th
at

 i
s 

lo
w

er
 i
n
 s

tr
es

s 
an

d
 f
re

e 
fr

o
m

 
in

te
rr

u
p
ti
o
n
s 

co
m

m
o
n
 w

it
h
 h

o
sp

it
al

 a
d
m

is
si

o
n
s.

C
ar

eg
iv

er
s 

p
la

n
, 

p
re

p
ar

e,
 a

n
d
 

m
ea

su
re

 m
ea

ls
 w

it
h
 1

0
0
%

 
ac

cu
ra

cy
 a

s 
d
em

o
n
st

ra
te

d
 i
n
 c

la
ss

 
an

d
 f

o
llo

w
-u

p
 v

is
it
s.

 K
et

o
si

s 
is

 
st

ab
le

 a
s 

d
em

o
n
st

ra
te

d
 b

y 
st

ab
le

 
b
et

ah
yd

ro
xy

b
u
ty

ra
te

. 
W

ei
g
h
t 

g
ai

n
 

co
n
si

st
en

t 
w

it
h
 d

efi
n
ed

 p
ar

am
et

er
s.

 

A
ss

es
s 

ap
p
ro

p
ri
at

e 
ti
m

e 
an

d
 

re
g
im

en
 f
o
r 

w
ea

n
in

g
 t

h
e 

d
ie

t
Id

ea
lly

, 
a 

ch
ild

 w
ill

 r
em

ai
n
 o

n
 t

h
e 

d
ie

t 
fo

r 
2
 y

ea
rs

 o
r 

fo
r 

o
n
e 

ye
ar

 
af

te
r 

b
ec

o
m

in
g
 s

ei
zu

re
-f

re
e.

 T
h
is

 i
s 

in
d
iv

id
u
al

iz
ed

 b
as

ed
 o

n
 t

h
e 

ch
ild

’s
 n

ee
d
s 

as
 d

et
er

m
in

ed
 b

y 
th

e 
K
D

 E
p
ile

p
to

lo
g
is

t.
 T

h
e 

d
ie

t 
is

 t
h
en

 
w

ea
n
ed

 o
ve

r 
a 

o
n
e-

ye
ar

 t
im

e 
p
er

io
d
, 

w
it
h
 d

ec
re

as
in

g
 r

at
io

 e
ve

ry
 

3
-6

 m
o
n
th

s.
 I

f 
se

iz
u
re

s 
in

cr
ea

se
, 

th
e 

d
ie

t 
ca

n
 b

e 
re

ve
rs

ed
. 

N
o
t 

al
l 

ch
ild

re
n
 h

av
e 

to
ta

l 
se

iz
u
re

 c
o
n
tr

o
l,
 o

r 
b
ec

o
m

e 
m

ed
ic

at
io

n
-f

re
e.

 

S
ei

zu
re

 c
o
n
tr

o
l 
re

m
ai

n
s 

d
u
ri
n
g
 a

n
d
 

af
te

r 
w

ea
n
in

g
 f

ro
m

 t
h
e 

d
ie

t.

*F
or

 re
fe

re
nc

e 
da

ta
 a

nd
 g

ui
de

lin
es

 fo
r t

ak
in

g 
ac

cu
ra

te
 m

ea
su

re
m

en
ts

, s
ee

 C
ha

pt
er

 2
.

†
Id

ea
l w

ei
gh

t i
s 

th
e 

w
ei

gh
t t

ha
t w

ou
ld

 p
la

ce
 th

e 
ch

ild
 a

t t
he

 5
0t

h 
pe

rc
en

til
e 

fo
r w

ei
gh

t f
or

 h
ei

gh
t (

or
 le

ng
th

).
‡

S
ee

 F
re

em
an

 J
M

. T
he

 E
pi

le
ps

y 
D

ie
t T

re
at

m
en

t: 
A

n 
In

tro
du

ct
io

n 
to

 th
e 

K
et

og
en

ic
 D

ie
t, 

2n
d 

E
di

tio
n,

 p
.3

9 
fo

r m
or

e 
in

fo
rm

at
io

n.



Nutrition Interventions for Children With Special Health Care Needs 259

Section 3 - Condition Specific Nutrition Interventions

References

1. Hori A, et al. Ketogenic diet: effects on expression of kindled seizures and 

behavior in adult rats. Epilepsia. 1997; 38(7):750-758.

2. Kinsman SL, et al. Efficacy of the ketogenic diet for intractable seizure disorders: 

review of 58 cases. Epilepsia. 1992; 33(6):1132-1136.

3. Schwartz RH, et al. Metabolic effects of three ketogenic diets in the treatment of 

severe epilepsy. Dev Med Child Neurol. 1989; 31:152-160.

4. Phelps SJ, et al. The ketogenic diet in pediatric epilepsy. Nutrition in Clinical 

Practice. 1998; 13(12):267-282.

5. Wilder RM. The effect of ketonuria on the course of epilepsy. Mayo Clinic Bulletin. 

1921; 2:307.

6. Kossoff Eh et al. A modified Atkins diet is effective for the treatment of 

intractable pediatric epilepsy. Epilepsia. 2006; 47:421-424.

7. Prasad AN, et al. Alternative epilepsy: the ketogenic diet, immunoglobulins, and 

steroids. Epilepsia. 1996; 37(l):S81-S95.

8. Amorde-Spalding K. Today’s ketogenic diet revisited. Nutrition Focus. 2006; 

21(6):1-8.

9. Nordli Jr. DR, De Vivo DC. The ketogenic diet revisited: Back to the future. 

Epilepsia. 1997; 38(7):743-749.

10. Wheless JW: The ketogenic diet: fact or fiction. J Child Neurology. 1995; 10(6): 

419-423.

11. Freeman J et al. The ketogenic diet. A treatment for children and others with 

epilepsy. Fourth edition. New Your: Demos medical publishing; 2007.

12. Vining EP, et al. A multicenter study of the efficacy of the ketogenic diet. Arch 

Neurol. 1998; 55 (11):1433-1437.

13. Livingston S: Comprehensive Management of Epilepsy in Infancy, Childhood and 

Adolescence. Springfield, IL: CC. Thomas, 1972; 378-404.

14. Amorde-Spalding K, Woch MA. Rediscovering the benefits of ketogenic diet 

therapy for children (letter). J Am Diet Assoc. 1996; 96 (11): 1134-1135.



260 Nutrition Interventions for Children With Special Health Care Needs

Chapter 22 - Ketogenic Diet for Seizure Disorders

15. Gasch AT. Use of the traditional ketogenic diet for treatment of intractable 

epilepsy. J Am Diet Assoc. 1990; 90(10):1433-1434.

16. Edelstein SF, Chisholm M. Management of intractable childhood seizures 

using the non-MCT oil ketogenic diet in 20 patients. J Am Diet Assoc. 1996; 

96(11):1181-1182.

Additional Resources
Charlie Foundation

Jim and Nancy Abrahams, Charlie’s Parents

1223 Wilshire Blvd., #815

Santa Monica, CA 90403-5406

800/3675386

www.charliefoundation.org

The Charlie Foundation is an education resource for the ketogenic diet. The 

Foundation was established by Jim and Nancy Abrahams, whose son Charlie 

had become seizure free on the ketogenic diet. The Foundation provides several 

videotapes free of charge for education purposes.

Epilepsy Foundation of America 

National Office 

4351 Garden City Drive 

Landover, MD 207852267 

800/3321000 

http:www.efa.org

This is a national organization that provides information about epilepsy to 

professionals and persons with epilepsy. Families can obtain information about local 

resources and supports. The foundation also offers research and training grants.

Nutricia North America

This is the website sponsored by Nutricia North America. Subscription is free to 

dietitians that work in centers that use the Ketogenic Diet as a therapy for seizure 

control. Parents may have access to this program by starting the diet through a 

center that uses the ketocalculator and by obtaining online access to their personal 

account. Parents and professionals can sign up for a quarterly newsletter. There is 

also specific information for dietitians, as well as current research which is updated 

on a regular basis.
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Ketogenic Diet Ketocalculator

http://www.ketocalculator.com

http://www.myketocal.com

Stanford Ketogenic Calculator

Families or professionals may download this calculator. It is in an excel spreadsheet 

format. This is a free resource, but its calculations are not as exact as the 

Ketocalculator. http://www.stanford.edu/group/ketodiet.

Books
The Ketogenic Diet: A Treatment for Children and Others with Epilepsy

Freeman, J. et al.

Demos Medical Publishing, 2006.

386 Park Ave. South, Suite 210

New York, NY  10076

800.532.8663

This is a good basic book for professionals and families alike who are interested in 

learning more about the diet. This following is a link to read an excerpt of the book 

online. To read an excerpt from the book, go to the Amazon.com website, under 

department, select books, and type in Ketogenic Diet.

Keto Kid: Helping Your Child Succeed on the Ketogenic Diet

Snyder, D, Freeman, J. et al.

Demos Medical Publishing, 2006.

386 Park Ave. South, Suite 210

New York, NY  10076

800.532.8663

This book was written by a family physician whose child is on the Ketogenic Diet. It 

provides recipes, as well as helpful hints for families to promote success while on 

the diet. To read an excerpt from the book, go to the Amazon.com website, under 

department, select books, and type in Ketogenic Diet.
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Chapter 23

Nutrition Interventions for autism 
Spectrum Disorders 
Betty Lucas, MPH, RD, CD

Autism Spectrum Disorders (ASD) is the broad category of developmental disorders 

with primary impairment in social development. The ASD spectrum includes: Autistic 

Disorder, Asperger’s Disorder, Pervasive Developmental Disorder Not Otherwise 

Specified (PDD-NOS), Rett’s Disorder, and Childhood Disintegrative Disorder (1). The 

prevalence of ASD is about 1 in 91 children (based on a 2007 parent survey), which 

is higher than in the past (2). It occurs more in males than females, approximately 

75 percent have some cognitive delay (children with Asperger’s have normal IQs), 

and about 30 percent eventually have seizure disorders. Although the specific 

etiology of ASD is not known, about 10-15 percent may be related to genetic 

disorders. Future research will yield more information on the causes of ASD.

Although children with ASD reflect a wide range of behaviors and severity, ASD is 

identified by behavioral features in three categories:

• Impaired social interactions

• Impaired verbal and nonverbal communication

• Restricted and/or repetitive behaviors

Common behaviors in children with ASD include: difficulty with transitions, impaired 

communication skills, social interaction difficulties, easily overwhelmed or over-

stimulated, short attention span, limited range of interests, and need for routine. 

Since there are no biological markers for autism, diagnosis is made by behavioral 

assessment. Red flags identified by screening children under 3 years of age include 

problems with eye contact, joint attention, nonverbal communication, pretend play, 

paying attention to one’s name, and language development, as well as regression 

in skills. If screening is positive, a comprehensive evaluation is indicated, including 

medical, cognitive, and communication assessments. With diagnosis of ASD, referral 

should be made for early intervention services, special education, and related 

therapies, such as speech/language therapy, occupational therapy, and behavior 

management (3).
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Nutrition and Feeding
The unique nutrition-related aspect for children with ASD is their selective food 

choices that often result in a narrow list of foods accepted. Parents frequently report 

“picky” eating, although this behavior is more persistent than the transient picky 

eating typically seen in young children. This diet selectivity is influenced by the same 

range of general behaviors seen in children with ASD. See Table 23-1.

Although most parents report that their infants fed well and generally accepted 

baby foods, the transition to table foods after the first year tends to be more 

problematic. A frequent pattern is a preference for dry, crunchy foods; and refusal 

of soft, smooth textures, e.g. mashed potatoes and cooked cereal. Typically, finger 

foods are preferred to using eating utensils. Foods frequently reported in the diets 

of children with ASD include dry cereal (eaten as a finger food; no milk added), 

crackers, chicken nuggets, pizza, bread, hot dogs, and plain pasta, while intake of 

vegetables and fruits tends to be minimal. Over time, some children narrow their 

food acceptances even more, to fewer than 10-15 items; within that restriction, only 

certain brands or methods of preparation are allowed.

It is easy to understand that families become anxious when their children continue 

to refuse foods, despite being offered a variety of foods. Eventually, parents respond 

by giving their child foods they know he/she will eat. This leads to different and 

sometimes separate meals for the child, and if behavior is an issue, less participation 

in family mealtime.

Table 23-1 Feeding Behaviors of Children with Autism

Autism Concerns Feeding Characteristics
• Difficulty in transitioning to textures
• Increased sensory sensitivity
• Restricted intake due to color, 

texture, temperature, odor
• Decreased acceptance of foods over 

time; refusal of “new” foods
• Difficulty with changes in mealtime 

routines, tantrums

• Preference for dry, crunchy foods (no milk on 
dry cereal)

• Food groups most likely refused or limited – 
vegetables and fruits

• Often adequate intake of protein (though 
limited selection) and dairy foods

• Often prefer finger foods (sensory issues?)
• Refusal of vitamin/mineral supplements

Children with ASD tend to have growth parameters within normal limits, although 

overweight and underweight can be seen secondarily to feeding behaviors. Energy 

needs are usually met, although the food sources may be limited or an entire food 

group omitted. Due to their selective eating behaviors, the micronutrient intakes of 

these children may be minimal or inadequate. A recent report of preschool children 

with ASD indicated nutrients most at risk were vitamin A, vitamin E, fiber, and 
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calcium (4). In addition, elimination diets increase the risk of inadequate nutrient 

status. There have been reports of impaired bone growth in boys with autism, as 

measured by bone cortical thickness (BCT) (5). These changes were seen in boys 

whether they were on a restricted diet or not, but there was lower BCT in those on a 

gluten-free, casein-free diet.

Alternative Nutrition Interventions
There are many diet-based interventions to treat ASD, although scientific evidence 

confirming their efficacy is limited. Sophisticated marketing, testimonials, and 

claims have prompted many parents to adopt dietary changes and supplementation 

regimens for their children with ASD. The plethora of information available to parents 

and families on the Internet provides added challenges to RD’s and other health care 

providers.

The most common nutrition interventions include:

• Gluten-free/casein-free diet

• Specific carbohydrate diet (SCD)

• Yeast-free diet

• Vitamin supplement for ASD, i.e. “Super Nu-Thera®”

• Specific nutrients – B6, magnesium

• Fatty acid supplements

• Probiotics 

• Enzymes

• Dimethylglycine (DMG)

Gluten-free/casein-free (GFCF) diet 

The GFCF diet is the most popular dietary treatment intervention for children with 

ASD. The “leaky gut syndrome” (also called the opiate theory) is part of the basis 

for using the diet, and was originally developed by researchers in Europe (6,7). The 

theory is that children with ASD cannot properly digest the casein and gluten in dairy 

and wheat foods, leaving partially broken down polypeptides. With more permeable 

or “leaky” intestines, these polypeptides are believed to enter the circulatory 

system, passing through the blood-brain barrier. There they form compounds with 

endorphin receptors in the brain, causing some of the characteristics and behaviors 

seen in children with ASD. Removal of casein and gluten from the diet is therefore a 

treatment.
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Gastrointestinal symptoms, such as constipation and diarrhea, seen in some children 

with ASD have also led to use of the GFCF diet. And some studies, mostly in vitro, 

have demonstrated GI inflammation and other abnormalities, in children with ASD, 

whether they were on a GFCF diet or not (8). 

Nutrients at risk in the GFCF diet include calcium, vitamin D, zinc, and many 

B vitamins. Most of the positive reports of the diet have been anecdotal, and 

randomized, well-controlled studies and systematic reviews have not found the diet 

to be effective. The Cochrane Database found only two small, randomized controlled 

trials (RCTs) that were well-controlled, and small positive treatment effects in some 

of the children (9). Many families still want to try the GFCF diet for their children, 

and there is need for large scale, quality RCTs. The role of the RD is to discuss the 

known effectiveness with the family, and then help them provide a GFCF diet that is 

adequate in nutrients and energy to promote good growth and development.

Specific Carbohydrate Diet (SCD)

This diet is more restrictive than the GFCF diet as it eliminates grains, dairy, sucrose, 

and complex carbohydrates; and limits vegetables and fruits. Originally intended for 

irritable bowel syndrome, ulcerative colitis, and Crohn’s disease, it is supposed to 

combat bacterial and yeast overgrowth. There is no evidence to support the diet in 

any disease, and the diet is likely to be inadequate.

Supplements

Specific vitamin-mineral supplements, such as Super Nu-Thera®, and single 

supplements such as vitamin B6, magnesium, and fatty acids, are common 

in children with ASD. Although there are few well-controlled studies of these 

supplements, the evidence that exists does not support any effectiveness (10,11). 

Caregivers do not always realize that the components in multivitamin mixtures can 

also be found in other supplements their child is taking. Families should be counseled 

as to the tolerable upper limits (ULs) now set for most vitamins and minerals, and 

should be encouraged not to exceed these levels.

Understanding the nature and scope of alternative therapies is important in providing 

the best quality family-centered care. Families who are searching for effective 

treatments for their child are often unable to discriminate between anecdotal reports 

and research-based scientific evidence. RD’s and other health professionals must be 

able to evaluate information about alternative nutrition therapies for ASD, and use 



Nutrition Interventions for Children With Special Health Care Needs 267

Section 3 - Condition Specific Nutrition Interventions

evidence-based practice. Open dialogue between the RD and the family is critical, as 

is understanding of the family’s desire for an effective treatment (12). 

Feeding Behaviors
The persistent picky eating and related behaviors that limit the food intake of a 

child with ASD can be very challenging to all who work with the child. For many, the 

self-limited diet is outside the typical developmental picky eating and neophobia. 

Working on these eating behaviors is most effective when intervention is provided by 

a team, including feeding therapists and/or behavior specialists. Interventions can be 

incorporated into a child’s educational goals e.g., Individualized Family Service Plan 

(IFSP), Individual Education Program (IEP). This requires coordination between the 

school, family, and the RD.

Using an applied behavior analysis (ABA) approach is effective for many children, 

and can be used in feeding at school, daycare and home. Setting small goals, using 

a step-wise system, to increase food acceptance is likely to be more successful (6). 

See Fig 23-1.

The remainder of this section presents guidelines for nutrition assessment, 

intervention, and evaluation/outcome for children with ASD.
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Fig. 23-1 Autism, Nutrition, and Picky Eating…
Some common behaviors in children with autism can cause problems around food and eating. 
(Your child may or may not have these behaviors.)

BEHAVIOR HOW IT MIGHT RELATE TO CHILDREN’S EATING

Hypersensitivity to texture, 
smell, taste

Refuses to eat foods with specific textures, smells, 
tastes

Need for routine Refuses to eat food that looks “different”… or is in a new 
bowl … or is at a different place at the table

Overstimulated or overwhelmed 
by the environment

Distracted from meal and does not eat

Typically developing children may need 10 or more exposures to a new food before they will 
eat it. 
… children with autism who are especially sensitive to tastes, textures, smells, or 
new things may need even more exposures!

Eating (and enjoying food) is not as simple as it looks. 

It is natural for children to refuse to eat some foods at some times. This is one way to show 
independence and to make decisions.

Picky eating can be a nutrition risk when:

• one or more food groups is excluded from a child’s food pattern
• “not enough” food leads to weight loss or lack of weight gain
• fights over eating (or not eating) put a strain on parent-child relationships

Tolerates food

• in room
• at table
• on plate

Smells food

• in room
• at table, on 

plate

Touches food

• with fingers, 
hands

• with mouth

Tastes food

• licks food
• bites food

Eats food

chews and 
swallows 
independently

Eating is an interactive process 
with many steps

Adapted from “Steps to Eating” by Kay Toomey, Ph.D., Denver CO
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WHAT MAY WORK
...but not in the long run

WHY THIS IS NOT IDEAL

“Bribing” your child to eat a food.

(“If you eat your vegetables, you can have 
some candy.”) 

Teaches your child that he/she shouldn’t 
like vegetables as much as candy, because 
vegetables are less desirable

Forcing your child to “take a bite” or “have 
at least one taste.”

Creates negative associations with food and 
eating. Takes control away from your child.

Suggestions to help your child enjoy new foods
Avoid overwhelming your child with too many changes:
1. Keep mealtimes constant. Use the same plates and utensils. Eat at the same place and at 

the same time.
2. Offer small servings of a few (2-3) foods at one time…avoid offering TOO MUCH FOOD and 

TOO MANY CHOICES.
3. Offer new foods along with foods your child already likes to eat.

Introduce foods in forms that are similar to foods your child already eats, and make changes 
gradually. 
For example, if your child eats crackers, but not sandwiches:

• First, offer sandwiches made with crackers 
• Then, offer sandwiches made on toast
• Finally, offer sandwiches made with bread

Expect slow changes. Follow your child through the steps of the process… set realistic goals.

Ask your child’s teacher for help. 
1. Pick one “goal food” to offer at snack time and/or lunch. Offer this same food at home. 
2. Use non-food reinforcers. Using food as a reinforcer teaches your child to value this food—

and can teach your child not to value other foods.

3. Incorporate eating behaviors into your child’s token reward system—a token for a “goal 
behavior,” such as leaving peas on plate. Remember NOT to use food as the end reward!

Developed by Beth Ogata, MS, RD and Betty Lucas, MPH, RD

Center on Human Development and Disability, University of Washington, Seattle, WA 
September 1999

1. Child will let 
peas stay on plate.

2. Child will pick up peas 
but not put in mouth.

3. Child will lick peas.

4. Child will take a bite 
of peas.For example:

Adapted from “Steps to Eating” by 
Kay Toomey, Ph.D., Denver CO
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Children With Special Health Care Needs

nUTRiTiOn SCReeninG
Dear Parent or Guardian:

Nutrition services are offered to all children in Spokane County attending 

Spokane Guilds’ School by the Children with Special Health Care Needs Program.  

I will contact you soon if you have a nutrition concern and set up a convenient 

time to meet with you.

Please complete this Nutrition Screening form for your child. Today’s date   

Child      Age        Birth date    Sex: M   F   (circle)

Premature?  yes   no   If yes, number of weeks      Birth weight   

Your Name        Relationship to child   

Phone number       Zip Code     

Diagnosis            

CURRENT NUTRITION CONCERNS ABOUT THIS CHILD: (Please check all that 

apply)

YES NO UNSURE
Seems underweight ______ ______ ______
Seems overweight ______ ______ ______
Food intolerances/allergies, to what? 

_________________

______ ______ ______

Frequent constipation ______ ______ ______
Frequent diarrhea ______ ______ ______
Frequent throwing up/vomiting ______ ______ ______
On a tube feeding ______ ______ ______
Takes a long time to eat ______ ______ ______
Has trouble eating textured or chunky foods ______ ______ ______
Has difficulty taking liquids: formula/water/juice ______ ______ ______
Often chokes and gags on foods ______ ______ ______
Is a picky eater ______ ______ ______
On a special diet, specify:

___________________________

______ ______ ______

My child takes the following medicines:        

Vitamin/mineral supplements taken:        

What kind of milk or formula does your child drink?    

How much per day?   

Uses bottle    cup    both    other      
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Please list any other nutrition concerns you have:

            

Ethnicity: (circle one)  Community Programs currently enrolled in: (circle all that 
apply)

Black/African American CSHCN   WIC
Hispanic   Food Stamps  Medicaid
Caucasian   SSI   Private Insurance
Native American  CHAMPUS  Foster Care
Asian/Pacific Islander  DDD
Other

Thank you for providing this important information about your child.  Please return this 
form to 

       .

For office use only:

Evaluation by therapists: __________________Completed by _________________

Describe child’s feeding skill level:_________________________________________

Observations of parent-child interaction_____________________________________

Additional comments: __________________________________________________

Nutritionist: ______________________Completed by ________________________

Weight ____________  Height ____________  Head Circumference _____________

Weight/age ______%  Height/age _____%  Weight/Height ______%  OFC_______%

COMMENTS: ______________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

Action taken:  _____________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________
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nutrition Screening Questionnaire

Today’s date ______________ Parent ________________________ Home Phone  

Address  

How is your Child Eating and Growing? (Please circle yes or no in response to the following 

questions)

1. Is it easy to tell when your child is hungry or thirsty? Yes No

2. Do you worry about his/her eating or growing? Yes No

3. Have you received any special directions for feeding your child? Yes No

4. Does he/she take vitamins or minerals? Yes No If yes, what?  

5. Does he/she take medications? Yes No  If yes, what?  

6. Does your child eat anything that is not food, such as paint or dirt? Yes No

7. Do you have trouble buying or making your child’s food? Yes No

8. Is your child on the WIC program? Yes No If yes, where? 

9. Does your child go to a daycare or school? Yes No If yes, where? 

10. Is your child fed by any other people? Yes No If yes, who?  

What Does Your Child Eat and Drink?

11. Where do you usually feed your child?     

12. How many meals and snacks does he/she eat most days?   Meals   Snacks

13. How long does it take your child to eat?    Minutes

14. Please check what your child eats:

  Breastmilk   Baby Cereal   Ground Meats/Finely Ground Table Foods

  Formula   Strained Baby Foods   Cut Up Meats/Soft Table Foods

  Cow’s Milk   Junior Foods   Finger Foods

15. Circle the foods that you feel your child does not eat enough of:

1.  milk and milk products 2. meat, beans, eggs 3. fruit and vegetables 4. breads and cereals

16. How much does your child usually drink in one day (24 hours):

Water    Sweet drinks   Juice   Cow’s milk  
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Baby formula  What kind of formula? (with/without iron?)   

How do you mix the formula?    

Are Any of These a Problem for Your Child?  If yes, please check.

  vomiting   gagging and choking   eating too slowly

  diarrhea   chewing   refusing to eat

  constipation   cup drinking   spitting out food

 sucking on nipple  finger feeding  getting upset at meals

 holding up head  not eating solid foods after 1 yr.  poor appetite/picky eater

 sitting up alone  bad teeth/sore mouth   not self-feeding

 swallowing  food allergies

Other concerns:       

      

     

     

PHN please complete

DX                 

Height    Weight    %tiles:  Ht/age     Wt/age      

Wt/Ht  

Birthweight (< 2 years)     OFC     Hematocrit    % Hemoglobin    Gm/

dl  

Comments:                 

                

Medical Care Provider           Phone     

PHN      Clinic      Phone     

  Name          

    DOB    Patient I.D.#    

Seattle-King County Department of Public Health
CS #13.19.87 Rev. 5/90
NUTRQUES.PM3
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Sources of Anthropometric 
equipment
Sharon Feucht, MA, RD, CD 

Listed below are manufacturers of specific equipment. Some manufacturers sell directly 

to the public and/or through distributors while others only sell through distributors. For 

information about a specific product contact the manufacturer. For distributors you can 

search for the equipment piece using the web or search your local yellow pages for a 

supplier. 

Equipment Selection
When you consider equipment purchase, consult Chapter 2 (Anthropometrics). Ensure that 

measurement tolerances are available (i.e. the length or height can be measured in 0.1 

centimeters or 1/8 inch (or less) increments; the weight can be measured in 0.01 kilograms 

or ½ ounce (or less) increments).

Manufacturer Description of Equipment

Manufacturers of Equipment to Measure Height or Length

Ellard Instrumentation Ltd.

Toll free: 1-800/Ellard-1

Phone:360/805-5406

http://home.earthlink.net/~eiltd/Stadiom-

eters.html

• Premie length board
• Newborn length board
• Pediatric length board
• Adult recumbent length board
• Portable stadiometer

Perspective Enterprises

Toll free: 800/323-7452

Phone: 269/327-0869

http://www.perspectiveent.com

• Infant length boards
• Stadiometers
• Individual head boards
• Flat, metal measuring tapes
• Scales
• Test weights and calibration rods
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Manufacturer Description of Equipment

Weigh and Measure LLC

Toll free: 877/900-9007

Phone: 301/774-9006

http://www.weighandmeasure.com

• Infant length board
• Infant/child height measuring board 

(length and height)
• Infant/child/adult measuring board
• Scales
• Calipers

Manufacturers of Equipment to Measure Weight*

Detecto, A Division of Cardinal Scale 

Manufacturing Co.

Toll free: 800/641-2008

http://www.detecto.com/

Digital and mechanical infant and pediatric 

scales; chair scales and adult scales

Sell direct or through distributors

Health o meter

Sunbeam Health Division

Toll free: 800/672-5625

http://www.healthometer.com

Balance beam scale and infant scale

Sell direct or through distributors

Seca

Toll free: 888/879-8582 (Western USA)

               800/542-7322 (Eastern USA)

http://www.secacorp.com

Digital and mechanical infant and pediatric 

scales; infant length board

Sell only through distributors

Tanita Corporation of America, Inc.

Phone: 847/640-9241

http://www.tanita.com

Digital and mechanical infant and pediatric 

scales

Sell only through distributors

Manufacturer of Equipment to Measure Skinfolds

Seritex, Inc.

Phone: 973/472-4200

http://www.seritex.com

Distribute Holtain caliper in the USA; also sell 

Lange calipers; anthropometer (for measuring 

body segments); infant length board, 

stadiometer, pediatric/adult supine measuring 

table; sitting height table 

Beta Technology

Toll free: 800-858-2382

http://www.beta-technology.com/

Manufacturer of Lange caliper; can be 

purchased through manufacturer or other 

distributors of medical equipment

*Scales should be calibrated at regular intervals to ensure accuracy. A local supplier may offer 
this service with a purchase or calibration weights can be obtained.
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Table 2: Parent-Specific Adjustments (cm) for Length of Girls From Birth to  
36 Months*

Age Length Midparent Stature (cm)
(Years) (cm) 150 152 154 156 158 160 162 164 166 168 170 172 174 176 178 180 182 184
Birth 40.0-42.9 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1

43.0-50.9 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1
51.0-54.9 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 46.0-56.9 1 1 1 1 1 1 0 0 0 0 0 0 0 0 -1 -1 -1 -1
57.0-58.9 1 1 1 1 1 1 1 0 0 0 0 0 0 0 -1 -1 -1 -1

3 52.0-54.9 2 2 1 1 1 1 1 0 0 0 0 0 -1 -1 -1 -1 -2 -2
55.0-60.9 2 2 2 1 1 1 1 1 0 0 0 0 -1 -1 -1 -1 -1 -2
61.0-66.9 2 2 2 2 1 1 1 1 0 0 0 0 0 -1 -1 -1 -1 -1

6 58.0-60.9 3 2 2 2 1 1 1 1 0 0 0 -1 -1 -1 -2 -2 -2 -3
61.0-63.9 3 3 2 2 2 1 1 1 0 0 0 -1 -1 -1 -2 -2 -2 -2
64.0-68.9 3 3 2 2 2 1 1 1 1 0 0 0 -1 -1 -1 -2 -2 -2
69.0-72.9 3 3 3 2 2 2 1 1 1 0 0 0 -1 -1 -1 -1 -2 -2

9 64.0-66.9 4 3 3 2 2 2 1 1 0 0 0 -1 -1 -2 -2 -3 -3 -3
67.0-70.9 4 3 3 3 2 2 1 1 1 0 0 -1 -1 -1 -2 -2 -3 -3
71.0-73.9 4 4 3 3 2 2 2 1 1 0 0 0 -1 -1 -2 -2 -2 -3
74.0-76.9 4 4 3 3 3 2 2 1 1 1 0 0 -1 -1 -1 -2 -2 -3

12 66.0-68.9 4 4 3 3 2 2 1 1 0 0 -1 -1 -2 -2 -3 -3 -4 -4
69.0-72.9 4 4 3 3 2 2 1 1 1 0 0 -1 -1 -2 -2 -3 -3 -4
73.0-77.9 5 4 4 3 3 2 2 1 1 0 0 -1 -1 -2 -2 -3 -3 -4
78.0-82.9 5 5 4 4 3 3 2 2 1 1 0 0 -1 -1 -2 -2 -3 -3

18 74.0-76.9 5 4 4 3 2 2 1 1 0 0 -1 -1 -2 -2 -3 -4 -4 -5
77.0-80.9 5 4 4 3 3 2 2 1 1 0 0 -1 -2 -2 -3 -3 -4 -4
81.0-84.9 5 5 4 4 3 3 2 2 1 0 0 -1 -1 -2 -2 -3 -3 -4
85.0-88.9 6 5 5 4 4 3 2 2 1 1 0 0 -1 -1 -2 -2 -3 -4

24 77.0-80.9 5 4 4 3 3 2 1 1 0 0 -1 -2 -2 -3 -3 -4 -5 -5
81.0-84.9 5 5 4 4 3 2 2 1 1 0 -1 -1 -2 -2 -3 -4 -4 -5
85.0-88.9 6 5 5 4 3 3 2 2 1 0 0 -1 -1 -2 -3 -3 -4 -4
89.0-92.9 6 6 5 4 4 3 3 2 2 1 1 0 -1 -2 -2 -3 -3 -4
93.0-94.9 7 6 5 5 4 4 3 2 2 1 1 0 -1 -1 -2 -2 -3 -4

30 83.0-84.9 6 5 4 4 3 2 2 1 0 0 -1 -2 -2 -3 -4 -4 -5 -6
85.0-89.9 6 5 5 4 3 3 2 1 1 0 -1 -1 -2 -3 -3 -4 -5 -5
90.0-94.9 7 6 5 5 4 3 3 2 1 1 0 -1 -1 -2 -3 -3 -4 -5
95.0-97.9 7 6 6 5 4 4 3 2 2 1 0 0 -1 -2 -2 -3 -4 -4

36 87.0-88.9 6 5 5 4 3 3 2 1 0 0 -1 -2 -2 -3 -4 -5 -5 -6
89.0-92.9 6 6 5 4 4 3 2 1 1 0 -1 -2 -2 -3 -4 -4 -5 -6
93.0-96.9 7 6 5 5 4 3 2 2 1 0 0 -1 -2 -3 -3 -4 -5 -5
97.0-100.9 7 7 6 5 4 4 3 2 1 1 0 -1 -1 -2 -3 -4 -4 -5
101.0-104.9 8 7 6 6 5 4 4 3 2 1 0 0 -1 -1 -2 -3 -4 -4

* Adapted from Himes JH. Roche AF, Thissen D:  Parent-Specific Adjustments for Assessment of Recumbent Length 
and Stature. Monographs in Paediatrics, Basel, Switzerland: S Karger, 1981, vol 13, Table XIII, p. 38.
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Table 3:  Parent-Specific Adjustments (cm) for Stature of Girls From 3 to 18 Years
Age Length Midparent Stature (cm)

(Years) (cm) 150 152 154 156 158 160 162 164 166 168 170 172 174 176 178 180 182 184
3 82.0-83.9 6 5 4 4 3 2 1 1 0 -1 -1 -2 -3 -3 -4 -5 -6 -6

84.0-93.9 6 6 5 4 3 3 2 1 1 0 -1 -1 -2 -3 -4 -4 -5 -6
94.0-102.9 7 7 6 5 4 4 3 2 2 1 0 -1 -1 -2 -3 -3 -4 -5

4 92.0-93.9 6 6 5 4 3 3 2 1 0 0 -1 -2 -3 -3 -4 -5 -6 -7
94.0-103.9 7 6 6 5 4 3 2 2 1 0 -1 -1 -2 -3 -4 -4 -5 -6
104.0-112.9 8 7 7 6 5 4 3 3 2 1 0 0 -1 -2 -3 -3 -4 -5

5 100.0-101.9 8 7 6 5 4 3 2 1 1 0 -1 -2 -3 -4 -5 -5 -6 -7
102.0-111.9 8 7 6 6 5 4 3 2 1 0 -1 -1 -2 -3 -4 -5 -6 -7
112.0-120.9 9 8 7 7 6 5 4 3 2 1 1 0 -1 -2 -3 -4 -5 -6

6 106.0-109.9 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -6 -7 -8
110.0-119.9 9 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -6 -7
120.0-128.9 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -6

7 112.0-117.9 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -6 -7 -8
118.0-127.9 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -6 -7
128.0-136.9 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -6

8 116.0-123.9 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -6 -8 -9
124.0-133.9 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -7 -8
134.0-142.9 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4 -6 -7

9 122.0-131.9 10 9 8 7 6 5 3 2 1 0 -1 -2 -3 -4 -5 -6 -7 -9
132.0-141.9 11 10 9 8 7 6 4 3 2 1 0 -1 -2 -3 -4 -5 -7 -8
142.0-150.9 12 11 10 9 8 6 5 4 3 2 1 0 -1 -2 -3 -5 -6 -7

10 126.0-127.9 10 9 7 6 5 4 3 2 1 0 -1 -2 -3 -5 -6 -7 -8 -9
128.0-137.9 10 9 8 7 6 5 4 2 1 0 -1 -2 -3 -4 -5 -6 -7 -8
138.0-147.9 11 10 9 8 6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -7 -8
148.0-156.9 12 10 9 8 7 6 5 4 3 2 1 0 -1 -3 -4 -5 -6 -7

11 130.0-133.9 10 9 8 6 5 4 3 2 1 0 -1 -2 -3 -4 -6 -7 -8 -9
134.0-143.9 10 9 8 7 6 5 4 3 1 0 -1 -2 -3 -4 -5 -6 -7 -8
144.0-153.9 11 10 9 7 6 5 4 3 2 1 0 -1 -2 -3 -5 -6 -7 -8
154.0-162.9 11 10 9 8 7 6 5 4 3 1 0 -1 -2 -3 -4 -5 -6 -7

12 134.0-139.9 10 9 8 7 6 5 3 2 1 0 -1 -3 -4 -5 -6 -7 -8 -10
140.0-149.9 11 10 9 7 6 5 4 3 2 0 -1 -2 -3 -4 -6 -7 -8 -9
150.0-159.9 12 10 9 8 7 6 5 3 2 1 0 -1 -3 -4 -5 -6 -7 -8
160.0-168.9 12 11 10 9 8 6 5 4 3 2 0 -1 -2 -3 -4 -5 -7 -8

13 140.0-145.9 10 9 8 7 6 4 3 2 1 0 -1 -3 -4 -5 -6 -7 -8 -10
146.0-155.9 11 10 9 7 6 5 4 3 2 0 -1 -2 -3 -4 -6 -7 -8 -9
156.0-165.9 12 10 9 8 7 6 5 3 2 1 0 -1 -3 -4 -5 -6 -7 -8
166.0-174.9 12 11 10 9 8 6 5 4 3 2 1 -1 -2 -3 -4 -5 -7 -8

14 146.0-149.9 10 9 8 6 5 4 3 2 1 0 -1 -3 -4 -5 -6 -7 -8 -9
150.0-159.9 11 9 8 7 6 5 4 3 1 0 -1 -2 -3 -4 -5 -7 -8 -9
160.0-169.9 11 10 9 8 7 6 5 3 2 1 0 -1 -2 -3 -5 -6 -7 -8
170.0-178.9 12 11 10 9 8 6 5 4 3 2 1 0 -2 -3 -4 -5 -6 -7

15 146.0-151.9 10 9 8 7 5 4 3 2 1 -1 -2 -3 -4 -5 -6 -8 -9 -10
152.0-161.9 11 10 9 7 6 5 4 3 1 0 -1 -2 -3 -4 -6 -7 -8 -9
162.0-171.9 12 11 10 8 7 6 5 4 2 1 0 -1 -2 -4 -5 -6 -7 -8
172.0-180.9 13 12 11 9 8 7 6 5 3 2 1 0 -1 -3 -4 -5 -6 -7

16 146.0-151.9 11 10 8 7 6 5 3 2 1 -1 -2 -3 -4 -6 -7 -8 -10 -11
152.0-161.9 12 10 9 8 7 5 4 3 2 0 -1 -2 -4 -5 -6 -7 -9 -10
162.0-171.9 13 12 10 9 8 6 5 4 3 1 0 -1 -3 -4 -5 -6 -8 -9
172.0-180.9 14 13 11 10 9 7 6 5 4 2 1 0 -2 -3 -4 -5 -7 -8

17 148.0-153.9 11 10 9 7 6 5 3 2 1 0 -2 -3 -4 -6 -7 -8 -10 -11
154.0-163.9 12 11 10 8 7 6 4 3 2 0 -1 -2 -4 -5 -6 -8 -9 -10
164.0-173.9 13 12 11 9 8 7 5 4 3 1 0 -1 -3 -4 -5 -6 -8 -9
174.0-182.9 14 13 12 10 9 8 6 5 4 2 1 0 -1 -3 -4 -5 -7 -8

18 148.0-149.9 10 9 8 7 5 4 3 2 1 -1 -2 -3 -4 -6 -7 -8 -9 -10
150.0-159.9 11 10 8 7 6 5 4 2 1 0 -1 -3 -4 -5 -6 -7 -9 -10
160.0-169.9 12 11 9 8 7 6 4 3 2 1 0 -2 -3 -4 -5 -6 -8 -9
170.0-178.9 13 11 10 9 8 7 5 4 3 2 1 -1 -2 -3 -4 -5 -7 -8
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Percentiles for Triceps Skinfold for Whites of the United States 
Health and Nutrition Examination Survey I of 1971-1974

Age group
Triceps skinfold percentiles (mm2)

n 5 10 25 50 75 90 95 n 5 10 25 50 75 90 95

Males Females

1-1.9 228 6 7 8 10 12 14 16 204 6 7 8 10 12 14 16

2-2.9 223 6 7 8 10 12 14 15 208 6 8 9 10 12 15 16

3-3.9 220 6 7 8 10 11 14 15 208 7 8 9 11 12 14 15

4-4.9 230 6 6 8 9 11 12 14 208 7 8 8 10 12 14 16

5-5.9 214 6 6 8 9 11 14 15 219 6 7 8 10 12 15 18

6-6.9 117 5 6 7 8 10 13 16 118 6 6 8 10 12 14 16

7-7.9 122 5 6 7 9 12 15 17 126 6 7 9 11 13 16 18

8-8.9 117 5 6 7 8 10 13 16 118 6 8 9 12 15 18 24

9-9.9 121 6 6 7 10 13 17 18 125 8 8 10 13 16 20 22

10-10.9 146 6 6 8 10 14 18 21 152 7 8 10 12 17 23 27

11-11.9 122 6 6 8 11 16 20 24 117 7 8 10 13 18 24 28

12-12.9 153 6 6 8 11 14 22 28 129 8 9 11 14 18 23 27

13-13.9 134 5 5 7 10 14 22 26 151 8 8 12 15 21 26 30

14-14.9 131 4 5 7 9 14 21 24 141 9 10 13 16 21 26 28

15-15.9 128 4 5 6 8 11 18 24 117 8 10 12 17 21 25 32

16-16.9 131 4 5 6 8 12 16 22 142 10 12 15 18 22 26 31

17-17.9 133 5 5 6 8 12 16 19 114 10 12 13 19 24 30 37

18-18.9 91 4 5 6 9 13 20 24 109 10 12 15 18 22 26 30

19-24.9 531 4 5 7 10 15 20 22 1060 10 11 14 18 24 30 34

From: Frisancho RA. New norms of upper limb fat and muscle areas for assessment of nutritional status. Am J Clin Nutr, 
1981; 34:2540-2545.
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Percentiles of Upper Arm Circumference (mm) and Estimated 
Upper Arm Muscle Circumference (mm) for Whites of the United 
States Health and Nutrition Examination Survey I of 1971-1974

Age group Arm circumference (mm) Arm muscle circumference (mm)
5 10 25 50 75 90 95 5 10 25 50 75 90 95

Males
1-1.9 142 146 150 159 170 176 183 110 113 119 127 135 144 147
2-2.9 141 145 153 162 170 178 185 111 114 122 130 140 146 150
3-3.9 150 153 160 167 175 184 190 117 123 131 137 143 148 153
4-4.9 149 154 162 171 180 186 192 123 126 133 141 148 156 159
5-5.9 153 160 167 175 185 195 204 128 133 140 147 154 162 169
6-6.9 155 159 167 179 188 209 228 131 135 142 151 161 170 177
7-7.9 162 167 177 187 201 223 230 137 139 151 160 168 177 190
8-8.9 162 170 177 190 202 220 245 140 145 154 162 170 182 187
9-9.9 175 178 187 200 217 249 257 151 154 161 170 183 196 202
10-10.9 181 184 196 210 231 262 274 156 160 166 180 191 209 221
11-11.9 186 190 202 223 244 261 280 159 165 173 183 195 205 230
12-12.9 193 200 214 232 254 282 303 167 171 182 195 210 223 241
13-13.9 194 211 228 247 263 286 301 172 179 196 211 226 238 245
14-14.9 220 226 237 253 283 303 322 189 199 212 223 240 260 264
15-15.9 222 229 244 264 284 311 320 199 204 218 237 254 266 272
16-16.9 244 248 262 278 303 324 343 213 225 234 249 269 287 296
17-17.9 246 253 267 285 308 336 347 224 231 245 258 273 294 312
18-18.9 245 260 276 297 321 353 379 226 237 252 264 283 298 324
19-24.9 262 272 288 308 331 355 372 238 245 257 273 289 309 321

Females
1-1.9 138 142 148 156 164 172 177 105 111 117 124 132 139 143
2-2.9 142 145 152 160 167 176 184 111 11 119 126 113 142 147
3-3.9 143 150 158 167 175 183 189 113 119 124 132 140 146 152
4-4.9 149 454 160 169 177 184 191 115 121 128 136 144 152 157
5-5.9 153 157 165 175 185 203 211 125 128 134 142 151 159 165
6-6.9 156 162 170 176 187 204 211 130 133 138 145 154 166 171
7-7.9 164 167 174 183 199 216 231 129 135 142 151 160 171 176
8-8.9 168 172 183 195 214 247 261 138 140 151 160 171 183 194
9-9.9 178 182 194 211 224 251 260 147 150 158 167 180 194 198

10-10.9 174 182 193 210 228 251 265 148 150 159 170 180 190 197
11-11.9 185 194 208 224 248 276 303 150 158 171 181 196 217 223
12-12.9 194 203 216 237 256 282 294 162 166 180 191 201 214 220
13-13.9 202 211 223 243 271 301 338 169 175 183 198 211 226 240
14-14.9 214 223 237 252 272 304 322 174 179 190 201 216 232 247
15-15.9 208 221 239 254 279 300 322 175 178 189 202 215 228 244
16-16.9 218 224 241 258 283 318 334 170 180 190 202 216 234 249
17-17.9 220 227 241 264 295 324 350 175 183 194 205 221 239 257
18-18.9 222 227 241 258 281 312 325 174 179 191 202 215 237 245
19-24.9 221 230 247 265 290 319 345 179 185 195 207 221 236 249

From: Frisancho RA. New norms of upper limb fat and muscle areas for assessment of nutritional status. Am J Clin Nutr, 
1981; 34:2540-2545.
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Percentiles for Estimates of Upper Arm Fat Area (mm2) and 
Upper Arm Muscle Area (mm2) for Whites of the United States 
Health and Nutrition Examination Survey I of 1971-1974

Age 
group

Arm muscle area percentiles (mm2) Arm fat area percentiles (mm2)
5 10 25 50 75 90 95 50 10 25 50 75 90 95

Males
1-1.9 956 1014 1133 1278 1447 1644 1720 452 486 590 741 895 1036 1176
2-2.9 973 1040 1190 1345 1557 1690 1787 434 504 578 737 871 1044 1148
3-3.9 1095 1201 1357 1484 1618 1750 1853 464 519 590 736 868 1071 1151
4-4.9 1207 1264 1408 1579 1747 1926 2008 428 494 598 722 859 989 1085
5-5.9 1298 1411 1550 1720 1884 2089 2285 446 488 582 713 914 1176 1299
6-6.9 1360 1447 1605 1815 2056 2297 2493 371 446 539 678 896 1115 1519
7-7.9 1497 1548 1808 2027 2246 2494 2886 423 473 574 758 1011 1393 1511
8-8.9 1550 1664 1895 2089 2296 2628 2788 410 460 588 725 1003 1248 1558
9-9.9 1811 1884 2067 2288 2657 3053 3257 485 527 635 859 1252 1864 2081

10-10.9 1930 2027 2182 2575 2903 3486 3882 523 543 738 982 1376 1906 2609
11-11.9 2016 2156 2382 2670 3022 3359 4226 536 595 754 1148 1710 2348 2574
12-12.9 2216 2339 2649 3022 3496 3968 4640 554 650 874 1172 1558 2536 3580
13-13.9 2363 2546 3044 3553 4081 4502 4794 475 570 812 1096 1702 2744 3322
14-14.9 2830 3147 3586 3963 4575 5368 5530 453 563 786 1082 1608 2746 3508
15-15.9 3138 3317 3788 4481 5134 5631 5900 521 595 690 931 1423 2434 3100
16-16.9 3625 4044 4352 4951 5753 6576 6980 542 593 844 1078 1746 2280 3041
17-17.9 3998 4252 4777 5286 5950 6886 7726 598 698 827 1096 1636 2407 2888
18-18.9 4070 4481 5066 5552 6374 7067 8355 560 665 860 1264 1947 3302 3928
19-24.9 4508 4777 5274 5913 6660 7606 8200 594 743 963 1406 2231 3098 3652

Females
1-1.9 885 973 1084 1221 1378 1535 1621 401 466 578 706 847 1022 1140
2-2.9 973 1029 1119 1269 1405 1595 1727 469 526 642 747 894 1061 1173
3-3.9 1014 1133 1227 1396 1563 1690 1846 473 529 656 822 697 1106 1158
4-4.9 1058 1171 1313 1475 1644 1832 1958 490 541 654 766 907 1109 1236
5-5.9 1238 1301 1423 1598 1825 2012 2159 470 529 647 812 997 1330 1536
6-6.9 1354 1414 1513 1683 1877 2182 2323 464 508 638 827 1009 1269 1436
7-7.9 1330 1441 1602 1815 2045 2332 2469 491 560 706 920 1135 1407 1644
8-8.9 1513 1566 1808 2034 2327 2657 2996 527 634 769 1042 1383 1872 2482
9-9.9 1723 1788 1976 2227 2571 2987 3112 642 690 933 1219 1584 2171 2524

10-10.9 1740 1784 2017 2296 2583 2873 3093 616 702 842 1141 1608 2500 3005
11-11.9 1784 1987 2316 2612 3071 3739 3953 707 802 1015 1301 1942 2730 3690
12-12.9 2092 2182 2579 2904 3225 3655 3847 782 854 1090 1511 256 2666 3369
13-13.9 2269 2426 2657 3130 3529 4081 4568 726 838 1219 1625 2374 3272 4150
14-14.9 2418 2562 2874 3220 3704 4294 4850 981 1043 1423 1818 2403 3250 3765
15-15.9 2426 2518 2847 3248 3689 4123 4756 839 1126 1396 1886 2544 3093 4195
16-16.9 2308 2567 2865 3248 3718 4353 4946 1126 1351 1663 2006 2598 3374 4236
17-17.9 2442 2674 2996 3336 3883 4552 5251 1042 1267 1463 2104 2977 3864 5159
18-18.9 2398 2538 2917 3243 3694 4461 4767 1003 1230 1616 2104 2617 3508 3733
19-24.9 2538 2728 3026 3406 3877 4439 4940 1046 1198 1596 2166 2989 4050 4896

From: Frisancho RA. New norms of upper limb fat and muscle areas for assessment of nutritional status. Am J Clin Nutr, 
1981; 34:2540-2545.
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Appendix n

Technical Aspects of enteral Feeding 
(Tube Feeding)
Annette Pederson, MS, RD, CD

Types of Enteral Feeding
The types of enteral feedings, or tube feedings, are named according to the feeding 

route used, the site where the feeding tube enters the body, and the point at which 

the formula is delivered: nasogastric, nasoduodenal, nasojejunal, gastrostomy, 

and jejunostomy. The decision as to which type of feeding to use is based on the 

expected duration of tube feeding as well as physiologic and patient-related factors. 

The types of tube feeding most commonly used are nasogastric and gastrostomy 

feedings.

Nasogastric Tube Feeding

The nasogastric (NG) tube is a soft tube that runs through the nose and into the 

stomach. Nasogastric feedings are typically used when tube feeding will be required 

for a short time, i.e., less than three months, although in some cases it can be 

used for several years. The major advantage of nasogastric, nasoduodenal, and 

nasojejunal feedings is that unlike gastrostomy or jejunostomy feeding, placement 

does not require surgery. Therefore, they can be started quickly and can be used 

either for short periods or intermittently with relatively low risk of complication. If 

the child is safe to feed orally, he can continue to practice feeding skills and improve 

oral intake. 

The disadvantages of NG feeding include nasal or esophageal irritation and 

discomfort (especially if used long-term), increased mucus secretion, and partial 

blockage of the nasal airways. Nasogastric feeding may contribute to recurrent otitis 

media and sinusitis. Two additional disadvantages are the possibility that the tube 

will perforate the esophagus or the stomach and the possibility that the tube will 

enter the trachea, delivering formula into the lungs. If formula enters the lungs, 

severe or fatal pneumonitis can result. Therefore, it is essential to confirm that the 

NG tube is in the stomach before feeding begins (1,2,3).
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Gastrostomy Tube Feeding

A gastrostomy tube places food directly into the stomach. Gastrostomy feedings are 

preferred as they allow more flexibility with schedule and can mimic normal feeding 

schedules. These feeding tubes are well suited for long-term enteral feeding. Patient 

comfort with gastrostomy is an advantage over NG tubes. Gastrostomy tubes do not 

irritate nasal passages, the esophagus, or the trachea, cause facial skin irritation, 

or interfere with breathing. The mouth and throat are free for normal feeding if the 

child is safe to feed orally. There are skin level gastrostomy tubes that are easily 

hidden under a child’s clothing, require less daily care, and interfere less with the 

child’s movement. A gastrostomy with a large-bore tube allows for a more viscous 

formula and thus a lower risk of tube occlusion. The gastrostomy may be placed 

surgically. Another alternative is the percutaneous endoscopic gastrostomy, which 

may be done as an outpatient procedure. 

Disadvantages of gastrostomy feeding include the surgery or endoscopy required to 

place the tube, possible skin irritation or infection around the gastrostomy site, and 

a slight risk of intra-abdominal leakage resulting in peritonitis. The child with poor 

gastric emptying, severe reflux or vomiting, or at risk for aspiration may not be a 

good candidate for a gastric placed tube (1,2,3). 

Jejunal Tube Feeding

Jejunal tubes can be placed surgically or via percutaneous endoscopy. Feeding 

directly into the jejunum (the middle section of the small intestine) is used for 

children who cannot use their upper gastrointestinal tract because of congenital 

anomalies, GI surgery, immature or inadequate gastric motility, severe gastric reflux, 

or a high risk of aspiration. The jejunal tube bypasses the stomach decreasing the 

risk of gastric reflux and aspiration. If safe to feed, the child can still eat by mouth. 

However, even for children with gastric retention and a high risk of aspiration, there 

are disadvantages to jejunal feeding. Jejunal tubes passed from a gastrostomy to 

the jejunum and nasojejunal are difficult to position and may dislodge or relocate; 

their position must be checked by X-ray. A jejunostomy reduces problems of tube 

position. They usually require continuous drip feeding which results in limited patient 

mobility and decreased ability to lead a “normal” life. Finally, when compared to 

gastric feedings, they carry a greater risk of formula intolerance, which may lead to 

nausea, diarrhea, and cramps. Standard formulas may be given in the small intestine 

if tolerated, however, elemental or semi-elemental formulas may be required if the 

child demonstrates formula intolerance (2,4). These elemental formulas are more 

expensive. 



Nutrition Interventions for Children With Special Health Care Needs 347

Appendix N

Administration of Tube Feeding: Bolus and 
Continuous Drip
Tube feedings can be administered as bolus feedings, continuous drip feedings or 

a combination of the two along with eating orally. The best is a combination of oral 

and tube feeding that fits into the child/family schedule. Many of the complications of 

tube feeding arise from improper administration of formula.

Bolus Feeding

Bolus feedings are defined amounts of formula or “meals” delivered four to eight 

times during the day. Typically, each feeding lasts about 15 to 30 minutes. The 

advantages of bolus feedings over continuous drip feeding are that bolus feedings 

are more similar to a normal feeding pattern, more convenient, and less expensive if 

a pump is not needed. Furthermore, bolus feedings allow freedom of movement, so 

the child is not tethered to a feeding bag. The parent/caregiver can hold and cuddle 

the child while feeds are given. 

A disadvantage of bolus feedings is that they may be aspirated more easily than 

continuous drip feedings. For some children, bolus feedings may cause bloating, 

cramping, nausea and diarrhea. It may not be practical to use bolus feedings with 

a child when the volume of formula a child needs is large or requires that the child 

needs to be fed around the clock (4,5).

Continuous Drip Feeding

Continuous drip feedings are a specific amount of formula delivered during a 

specified time/times during the day. Feeding around the clock is not recommended 

as this limits a child’s mobility and may elevate insulin levels contributing to 

hypoglycemia. It is common to use drip feedings for 8 to 10 hours overnight with 

children who cannot tolerate large volumes of formula. This also allows oral feeding 

to be used during the day. Either gravity drip or infusion pumps deliver continuous 

drip feeding. The infusion pump is a better method of delivery than gravity drip. The 

flow rate of gravity drip may be inconsistent and needs to be checked frequently. 

A child may start out with continuous drip feedings and, as tolerance improves, 

graduate to bolus feedings or a combination of the two.

Continuous feeding may be better tolerated than bolus feeding by children who are 

sensitive to volume, are at high risk for aspiration, or have gastroesophageal reflux. 

Continuous feeding can be administered at night, so it will not interfere with daytime 
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activities. When feedings are delivered continuously, stool output is reduced, a 

consideration for the child with chronic diarrhea. Continuous infusions of elemental 

formula have been successful in managing infants with necrotizing enterocolitis, 

short bowel syndrome, intractable diarrhea, and Crohn’s disease. 

A disadvantage of continuous feeding is that although feedings can be scheduled 

at night and during naptime, the child is “tied” to the feeding equipment during the 

infusion. However, there are smaller and lighter pumps available to make life easier 

for the family. Continuous feeding is more expensive because of the cost of supplies 

including the pump. Management of a pump and its maintenance may be difficult for 

some families. Finally, a child’s medication needs to be considered, as continuous 

feeding may interfere with serum concentration of some medications (6,7). 

Equipment for Tube Feedings

Feeding Tubes

When choosing a feeding tube, the following factors should be considered: the 

patient’s age and size, the viscosity of the formula to be used, and the possible need 

for a pump.

Nasogastric tubes

For nasogastric feeding, the smallest bore tube in a soft material will minimize child’s 

discomfort. Large-bore tubes partially block the airways, may interfere with the 

function of the gastroesophageal sphincter, and may irritate the nose and throat. 

Tubes size 8 French or smaller are usually used for children. The size refers to the 

outside diameter of the tube; one French unit equals 0.33 mm. Tubes this small 

cannot accommodate thick or viscous feedings, e.g., homemade blenderized formula 

or commercial formula containing fiber (1,3,4,5). 

Most tubes are made of polyurethane or silicone, both of which remain soft and 

flexible over time. These tubes are usually weighted at the end for easier insertion. 

More flexible tubes are difficult to place without using a stylet. Non-weighted tubes 

may be displaced during gagging, vomiting, or coughing spells; however, they are 

used regularly and without difficulty for intermittent feedings in newborns.

Gastrostomy tubes

Skin-level gastrostomy feeding devices, such as the Bard® button gastrostomy or the 

MIC-KEY® button gastrostomy are available. They allow feeding tubes to be attached 
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only when the child is being fed. These devices are easily hidden under a child’s 

clothes without tubing that extends from stomach. They may be placed surgically 

or endoscopically in the stomach wall or after a gastrostomy tube has been placed 

and the stoma site well established. Some gastrostomy tubes have extensions that 

“lock” into place, so the child is less likely to become disconnected while feeding, 

e.g., MIC-KEY®.  Some parents prefer the flatter fitting tube such as the EndoVive® 

and Bard®. There are many more gastrostomy tubes available and parents can ask 

their physician or infusion company for more information. Families should check with 

their home supply company to determine how many gastrostomy tubes are provided 

every 6 months. If the child has the balloon gastrostomy tube, e.g., MIC-KEY® or 

EndoVive®, the parents need to be instructed in what to do if the tube comes out or 

how to replace with a back up gastrostomy tube. 

Pumps

A pump can be helpful in providing a consistent amount of formula to the child, 

which may improve tolerance. Pumps are designed to be accurate within 10% of the 

set rate, so determining the accuracy that the patient is actually getting is important. 

With small infants, a syringe bolus pump will provide more accuracy with a small 

volume (8).

There are many different enteral infusion pumps, varying in complexity, flow rate, 

and cost. Pumps can be rented or purchased from a medical supply company. For 

long-term use, it may be less expensive to buy a pump. When a patient owns a 

pump he will be responsible for its maintenance, while renting the pump makes the 

medical supply company responsible for repair and maintenance. 

When deciding which type of pump to use, there are various considerations: 

availability, accuracy, cost, and ease of maintenance. A lightweight, battery operated 

enteral feeding pump, such as the Zevex Infinity®, will allow the child to attend 

school or go on outings with formula and equipment fitting neatly into a small 

backpack. If the child is feed at night only an ambulatory pump may not be needed. 

For some families, pumps do not fit into their life. Syringe bolus feeds require less 

equipment, alarms do not beep in the night, and the syringe bolus feeds may require 

less instruction time. 
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Feeding Sets/Extensions

Many of the pumps require specific feeding sets, including a container for the formula 

and tubing to connect the formula container to the feeding tube. Reuse of feeding 

sets can help minimize the cost. 

After use, the formula container, drip chamber, and tubing should be carefully 

cleaned. Rinse first with cold water, followed by hot soapy water and then rinse 

thoroughly to remove the formula residue which can cause bacterial contamination. 

Using a vinegar or bleach rinse before final water rinse is helpful. 

The family needs to know how many extensions, feeding bags and other supplies 

their insurance company or home infusion company will provide. Usually one feeding 

bag/day and one connecting tube per week is provided. Families may choose to save 

money and reuse feeding bags and tubing.

Additional Equipment

To give the child more mobility during continuous feeding, the feeding set can 

be hung on an IV pole and connected to a long length of tubing. Alternatives are 

to hang the feeding set on a hook above the bed or crib, on a nail in the wall or 

bedpost, or on a sturdy lamp or clothes tree. When traveling by car, the pump can 

be placed on the back seat with the feeding set hanging from the clothes hook. 

Miscellaneous supplies include syringes, gauze, catheter adapters, and tape.

Nutritional Considerations 
In order to determine energy and nutrient needs, nutritional status should be 

assessed before tube feeding is started. Table N-1 outlines the requirements of 

normal infants and children for water, energy, and protein; requirements are 

based on the Dietary Reference Intakes (DRIs). These requirements are useful in 

formulating tube feedings for children with special health care needs as long as 

conditions that may alter the child’s nutrition needs are taken into account. For 

example, cardiopulmonary stress may increase energy needs, while decreasing 

tolerance to fluid volume; infection or the stress from surgery may increase both 

energy and protein needs; and certain medications may increase the requirement 

for specific vitamins or minerals. On the other hand, immobility tends to decrease 

energy needs, and if formula intake is limited calories, there may be deficiencies in 

protein, vitamins and minerals.
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Table N-1: Water, Energy and Protein Requirements for Children9

Water Energy Protein

cc/kg cc/lb kcal/kg kcal/lb gm/kg gm/lb

STEP 1

For first 10 kg or 22 
lbs, provide: 100 45 105 48 2.0 0.9

STEP 2

For second 10 kg or 
22 lbs, provide: 50 24 50 23 0.9 0.4

STEP 3

For weight over 20 
kg or 44 lbs, add to 
the amount above an 
additional:

20 10 20 9 0.3 0.2

Energy

The only way to accurately evaluate an individual’s energy needs is to regularly 

monitor weight gain, growth, and actual energy intake. If energy intake is 

inadequate weight gain will be poor. If energy intake is excessive, weight gain will 

be higher than that desired for linear growth. Factors that may change energy needs 

include illness, increased seizures, surgery, increase in therapy or return to school, or 

changes in medication. 

Children who have been chronically underweight while on oral feedings often gain 

excessive weight when tube feedings are initiated, sometimes to the point of obesity. 

For these children, two factors may come into play: oral-motor problems that 

interfere with adequate energy intake by means of oral feeding, and energy needs 

that are lower than expected. Cases such as these illustrate the necessity of routinely 

monitoring weight and energy intake in children who are tube-fed, especially after 

the tube feeding is initiated. 

Older children with delayed growth due to inadequate intake may have delayed 

puberty. With adequate energy provided by tube feeding along with increased body 

fat, they may begin to experience pubertal growth and body changes into their 

twenties. These changes need to be assessed when determining energy needs so 

weight gain is appropriate.
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Fluid and Electrolytes

Water must be provided in sufficient quantities to replace fluid losses and allow for 

normal metabolism. Fluid requirements depend on the following variables: urine 

output, sweating, vomiting, fever, stool pattern, environment, renal disease, cardiac 

anomalies, tracheostomies and medications. Constant drooling also contributes to 

fluid losses. Water requirements can be estimated using Table N-1 as long as the 

above variables are considered. Indications that fluid intake is not adequate include 

constipation, decreased urine output, strong smelling or dark urine, crying without 

tears, dry lips and skin, sunken eyes, weight loss. Symptoms of fluid overload 

include rapid weight gain, puffy appearance, and rapid or uncomfortable breathing. 

Patients who rely on tube feedings as their sole source of nutrients are at risk for 

electrolyte imbalances, which may result in serious medical complications, e.g., 

hyponatremia, hypernatremia, hypokalemia, hyperkalemia, dehydration, and 

cardiac arrhythmias. Sodium, potassium, and chloride status should be evaluated 

regularly (4,5). The DRIs/RDAs provide guidelines for a safe and adequate intake of 

electrolytes.

Vitamins and Minerals

To determine vitamin and mineral needs, the DRIs/RDAs for age can be used as 

a base, unless the child’s growth is markedly delayed. For the child with growth 

delay, the DRIs/RDAs for height age can be used. Children with inadequate energy 

intakes, decreased absorption, and increased energy needs should be evaluated for 

supplemental vitamins and minerals. 

Vitamin and mineral requirements can be altered by medications (See Chapter 5). 

Other variables to consider are disease, previous medical and dietary history and 

biochemical parameters.

Minerals that require special attention are calcium, phosphorus and iron; these 

are usually not adequate in commercial tube feeding formulas at the energy levels 

required by many children. Supplemental vitamins and minerals can be given with 

feedings in the form of a liquid multivitamin with iron or a crushed chewable multiple 

vitamin/mineral tablet appropriate for age. Children on long-term enteral support 

are at risk for trace mineral deficiencies. The risk of developing nutrient deficiencies 

increases with frequent vomiting or gastrointestinal disturbances. Children on long-

term tube feedings need to be evaluated for fluoride intake and may need to be 

supplemented. This will require a prescription from the child’s physician or dentist. 
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Children with cystic fibrosis or anomalies of the distal ileum and ileocecal valve may 

fail to absorb fat-soluble vitamins or to reabsorb bile salts (See Chapters 17 and 20).

Formulas

A wide variety of commercial formulas are available for tube feeding. See 

Appendix S for information about the various commercial nutrition products and 

formulas. Formula selection should be individualized, based on nutrients and fluid 

requirements, gastrointestinal function and reimbursement coverage. 

Standard infant formulas (or specialized infant formulas, if needed) can be given 

via tube. Pediatric enteral formulas are designed specifically to meet the nutrient 

requirements of most children 1-10 years of age. These formulas are complete and 

balanced, i.e., about 1000-1300 ml will meet 100% of the DRI/RDA for vitamins and 

minerals. These formulas are isotonic and easily tolerated by most children. There 

are disease specific formulas that may or may not meet pediatric nutrition needs. An 

adult formula may be used for the older child, however the adult formula may not 

meet the child’s vitamin and mineral needs. The protein and fiber content of adult 

formulas are higher than a child may require, so special attention is needed to make 

sure a child receives adequate fluid. One formula may not meet all the needs of a 

child; 2 or more different formulas may be needed to individualize a specific nutrition 

plan. When selecting an appropriate formula, the factors to consider include the 

following:

• Age and medical condition

• Nutrient requirements and goals

• History of food intolerance or allergy

• Intestinal function

• Route of delivery

• Formula characteristics, e.g., osmolality, viscosity, nutrient content, convenience 

and cost

• Availability of product

The osmolality of a formula has a direct influence on the gastrointestinal (GI) side 

effects that occur with enteral feeding. Osmolality refers to the concentration of 

osmotically active particles per kilogram solution of formula, expressed as mOsm/

kg. The osmolality of a formula is affected by the concentration of amino acids, 

carbohydrates and electrolytes. Formula with a higher osmolality than that of 

normal body fluids produces an osmotic effect in the stomach and small intestine; 

this hyperosmolality draws water into the GI tract to dilute the concentration of the 

formula. An influx of water into the GI tract may cause diarrhea, nausea, cramping, 

and distention. Isotonic formulas are designed to prevent these problems. The 
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osmolality of full-strength isotonic formulas is similar to the osmolality of normal 

body fluids, approximately 300 mOsm/kg water. 

For infants, the volume of formula provided can be determined by calculating the 

amount of formula necessary to meet estimated protein needs. If additional energy 

is needed, fat and/or carbohydrate can be added, See Appendix T. Water must be 

provided to meet fluid requirements. Another method to determine formula volume 

for children is to calculate amount of formula needed to meet energy needs and then 

add supplements to meet other needs. Try to minimize the addition of supplements, 

for ease of preparation, improved tolerance and decreased risk of error. 

Sometimes parents feel that because enteral formulas are not solid food, they are 

not feeding their child enough. Parents need reassurance that you will help their child 

to not be hungry and that nutrient needs can be met by formula alone.

Complete or Standard Formulas

Complete or standard formulas are nutritionally complete and made of complex 

proteins, fats, carbohydrates, vitamins, and minerals. Complete formulas are 

designed for patients who have normal digestion, but cannot consume adequate 

energy and nutrients orally. The advantages of complete formulas are that they 

have low osmolalities and are lactose-free, easy to use, and sterile. Some complete 

formulas have added fiber.

Elemental Formulas

Elemental formulas are “predigested” formulas made from amino acids or hydrolyzed 

protein, simple carbohydrates, and fat in the form of medium chain triglycerides 

and essential fatty acids. They contain all the essential vitamins and minerals. The 

major advantages of elemental formulas are that little or no digestion is required, 

stool volume is low, and the stimulation of bile and pancreatic secretions is minimal. 

Elemental formulas are hyperosmolar however, and if infused too rapidly, may cause 

cramping and osmotic diarrhea. They are more expensive than standard formulas 

and offer no advantage to a child whose gut is intact. Clinical indications for the 

use of elemental formulas include short gut syndrome, malabsorption syndromes, 

delayed gastric emptying or gastroesphageal reflux, inflammatory bowel disease, 

gastrointestinal fistulas, cystic fibrosis, and nonspecific malabsorptive states.



Nutrition Interventions for Children With Special Health Care Needs 355

Appendix N

Homemade Blended Formulas 

Families often ask about making their own blenderized feedings. This may be a less 

expensive alternative to formula. Many families want to nourish their child with the 

same foods the family is eating. A commercial alternative, made from blenderized 

table foods, i.e., chicken, fruits and vegetables, is available (See Appendix S). 

Home blended formulas can be less expensive, but more time is consumed 

to prepare them. Families need to be aware of their child’s dietary needs and 

restrictions. The RD can help support the family by monitoring growth, hydration, 

and formula tolerance, and can analyze the formula to insure optimal growth and 

nutrient intake. Parents should understand food safety, to prevent contamination of 

the formula. When using a home blended formula, supplements may be necessary to 

meet nutrient requirements. 

Milk or infant formula can serve as a base for the blenderized diet, which can contain 

a variety of foods. A “recipe” should be made to guide food choices and portions 

to best meet nutritional needs. If the child is able to take oral feeds by spoon, the 

remainder can be supplemented via tube. Home-blended formulas are best delivered 

through a gastrostomy tube because these feedings are viscous and may clog a 

narrow nasogastric tube.

Easy Blenderized Tube Feeding

3 jars (2.5 oz each) strained baby food meat
3 jars (4 oz) baby vegetables – one should be green leafy, e.g., spinach  
and one orange, e.g., carrots or squash
3 jars (4 oz) baby fruits
2 tablespoons olive oil or vegetable oil
2.5 cups whole milk
6 tablespoons infant rice cereal
7 tablespoons nonfat dry milk powder
1 tablespoon dark corn syrup

Yield = 1500 cc or 50 oz
Energy = 1500 kcal or 30 kcal/oz
Nutrients
66 grams protein (18% of calories)
67 grams fat (40% of calories)
159 grams carbohydrates (42% of calories)
10 grams fiber

100% of DRI for children ages 1-3 years. NOTE - A liquid vitamin or dissolved 

children’s multiple vitamin/mineral supplement may be needed to meet the DRI’s 

for older children. Use of this recipe should be assessed by your child’s physician 

and RD. Additional recipes and details can be found in “Homemade Blended 

Formula Handbook” (by MD Klein and SE Morris (10).
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Modular Products

Modular formulas or products are not nutritionally complete. They contain specific 

nutrients, which can be added to commercial or home-prepared formulas. Examples 

of modular products include the following:

• Fats, used for additional energy; medium-chain triglycerides are fats that do not 

require bile acids and lipase for digestion and absorption. If the child can digest 

fats, a simple vegetable oil can be used. 

• Readily-digested carbohydrates used for additional energy

• Protein and specific amino acid preparations to increase protein intake

Careful monitoring of modulars is important to insure that all nutrient needs are 

being met and that the formula is tolerated with the additions. See Appendix S for 

examples of modular products.

Specialized Formulas

Specialized formulas are available for children with specific needs, such as 

prematurity, renal failure or inborn errors of metabolism. A physician or RD who is 

familiar with the products and their particular uses should select the formula.

Additional formula thoughts

The more viscous a formula, the slower it will flow through the tube. This may make 

it more difficult to gravity feed/bolus feed some formula, so parents may add water 

to “thin” the formula so it will flow faster. Another alternative would be to use an 

enteral pump for bolus feeds. Formula that is cold is also more viscous and may 

cause stomach distress.

When instructing parents on formula use written recipes are very helpful along with 

making sure parents have appropriate measuring utensils. For example, a soup 

spoon does not equal a teaspoon. Have the parents demonstrate how they mix the 

formula. Often what is assumed is being delivered to the child is very different from 

what is actually given.

Cleanliness is very important in preventing bacterial contamination and formula 

tolerance. Multiple episodes of diarrhea may be bacterial contamination and not 

viral illness or formula intolerance. Hang times for sterile formula are 8-12 hours 

with aseptic handling. If you are using powdered formula, the hang time is 4 hours. 

Please check with the formula company regarding hang time. The American Dietetic 

Association has published Infant Feeding Guidelines (11).



Nutrition Interventions for Children With Special Health Care Needs 357

Appendix N

Administration of Feeding
Formula delivery will depend on tolerance, volume requirements/limits, safety, and 

the family’s home schedule. What works for a hospital setting may not fit into the 

child’s home, school, therapy, and/or daycare schedule. Compliance often relies on 

making enteral feeding simple for the family.

Children beginning tube feedings may be started on full strength isotonic formulas, 

given in small volumes (see recommended rate below). Hypertonic formulas should 

be started at half strength. Some children who have not had oral or tube feedings 

for a long period of time or have a history of formula intolerance (such as premature 

infants or children with short gut syndrome) may require half-strength formula 

initially, with gradual increases to full strength. In general, if a child needs diluted 

formula, it is best to increase volume to make sure the child meets fluid needs; then 

gradually increase concentration. Concentration and volume should not be increased 

at the same time. Frequent adjustments may be necessary as the child adjusts and 

as the family schedule changes.

Suggested schedule to initiate enteral feedings (3,4):

• Infants 10 ml/hour

• Child 1-5 years 20 ml/hour

• Child 5-10 years 30 ml/hour

• Child >10 years 50 ml/hour

Advance the delivery rate as tolerated to meet the goal for the child’s nutrition 

needs. Increase volume every 4-12 hours, monitoring carefully for tolerance. 

Tolerance is defined as absence of diarrhea, abdominal distension, vomiting or 

gagging. If a child is bolus fed, start feeds at 25% of goal volume increasing as 

tolerated. 

The physician may require that residuals be checked when a tube feeding is initiated 

or when formula or medications are changed. To check residuals, attach syringe to 

feeding tube and “pull back” stomach contents. If residuals are greater than 25-50% 

of previous bolus feeding or 2 times the hourly volume for continuous drip feeding, 

reduce the feeding to the previous volume and advance at a slower rate. Return 

residual contents to the stomach.

Monitoring 
Monitoring home enteral for children varies greatly. Often enteral supplies and 

formula are delivered to the home, which may be the only contact between a child, 
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his family, and the home care provider. Children on enteral feeds are a high-risk 

group that requires closer monitoring. What works best for the child and family is 

a team of health professionals who work together. In Washington State, nutrition 

assessment and monitoring is reimbursable for children with Medicaid services. 

However, for many children with private insurance, enteral formula or assessments 

may not be reimbursable benefits because enteral feeding is considered food. 

Medications and Tube Feedings
The goal for children on enteral feeds is to optimize nutrition therapy and maximize 

therapeutic response to medications administered through the feeding tube. Children 

on enteral feedings often have extensive medication regimens; a benefit of tube 

feeding is delivery of medication by tube. The child does not refuse to swallow, drool 

or vomit medication, so he receives all of prescribed medication with better efficacy. 

Feeding tubes may be a convenient avenue for medications, but some medicine may 

be incompatible, causing the tube to clog, interact negatively with specific nutrients 

or affect feeding tolerance.  Formula or its components can interfere with the 

absorption, distribution, metabolism or elimination of medication (see Chapter 5).

It is important for the pharmacist and physician to know that the child is receiving 

medication via his gastrostomy tube. The pharmacist and RD can review his 

medication list for compatibility with enteral feeds.

Medications should not be added to enteral formulas. Avoid mixing medications 

together. Each medication should be administered separately. Families should be 

encouraged to give medicine in a liquid form. Elixirs and suspensions can usually be 

delivered through the feeding tube without a problem. Simple compressed tablets 

can be crushed and mixed with water or the formula or added to a syringe with 

water until they dissolve (about 30-60 minutes). In contrast, syrups are incompatible 

with tube feedings because they tend to clog the tube unless diluted with water. 

Solid medicines such as sustained-action tablets or capsules or enteric-coated tablets 

should not be crushed and delivered through the tube; once crushed, their action 

may be altered or they may cause gastrointestinal distress. Check with the child’s 

physician for another medication preparation.

Medications are a common case of tube occlusion. To maintain patency of feeding 

tubes, flush regularly with water, before, after, and in between giving medications. 

Another common side effect with medications is feeding intolerance or GI 

discomfort. Review medications to determine when it is best to administer each one. 

Adjustments to the feeding and medication schedules may be needed to improve 

tolerance and comfort. Table N-2 covers common tube feeding complications. For 

more information on medications and drug-nutrient interactions, see Chapter 5.
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Daily Care of Tube
Contact health care provider regarding care instructions. See Table N-2 for some 

common complications of tube feeding.

Before feeding:
• Wash hands with soap and water before feeding

• Gather supplies needed for tube feeding; formula should be at room temperature

• Inspect site for skin irritation or leakage

• Check the tube for inward/outward migration

• Clean site with plain water or simple soap and water in circular motion away from 

stoma site 

• Dry site

•  If needed, stabilize tube with gauze and tape

Typical Gastrostomy Feeding

Position child with head higher than stomach, upright, or on his side. An infant 

seat, high chair or propping with pillow or wedge may be helpful. Check residuals 

if recommended by physician. Residuals may need to be checked with new tube 

feedings or when switching to a new formula. Residuals may also be checked if the 

child appears to be, or complains of nausea/fullness before next feeding. To check 

residuals, attach syringe to feeding tube and “pull back” stomach contents. Return 

residual contents to the stomach. If residual is okay, flush tube with 10 cc water (10 

cc is typical but may vary based on the child’s condition). If residual is greater than 

50% of previous feeding, wait one hour and recheck. Return residuals to stomach. If 

there is still residual, contact MD. If residual is okay, flush tube with 10 cc water.

Bolus feeding

A feeding should take 15-30 minutes. If given too quickly, the child may experience 

sweating, nausea, vomiting, or diarrhea.

• Syringe: Attach syringe to feeding tube, pour formula into syringe. You may need 

to push with plunger to start flow and fill tubing. You do not want air in tubing. 

Connect filled tubing to gastrostomy. Control rate of feeding by raising or lowering 

syringe. Continue adding formula to syringe until total feeding is given.

• Feeding Bag: Clamp tubing, fill bag and tubing with formula. You may need to 

squeeze bag to start feeding. Control rate of flow with clamp. Hang bag from IV 

pole. 
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• The feeding tube may be left in place, unclamped to allow the child to burp, 

after about 10-30 minutes. If the child has a button gastrostomy, he will need a 

decompression tube to vent air. To prevent reflux, the child may need to remain 

with head elevated 30-60 minutes after feeding.

• After formula and burping are finished, flush tubing with 10-30 cc water. Close 

tube. Tuck gastrostomy under clothing.

• Wash feeding set with hot, soapy water, rinse well and air dry. Feeding sets may 

be reused.

Continuous drip
• Clamp tubing on feeding bag and fill with formula. Unclamp tubing and fill drip 

chamber 1/3 full, then fill remaining tubing with formula to minimize air into 

stomach and clamp. Thread tubing through pump. Connect to gastrostomy tube. 

Unclamp feeding tube and start pump. The home care supply company will have 

instructions on how to use pump. Feedings should not hang for more than 4-8 

hours. On hot days, ice can be slipped into the pocket of a feeding bag to keep 

formula cool.

• Children can be cuddled or held during feeding. Include the child at family 

mealtimes. To distract the child while feeding or doing skin care, play games or 

music, tell a story, offer toys, etc. Oral motor stimulation is recommended.

• You may want to secure tube connections with tape so they do not come apart. 

Securing tube to clothing, out of reach of the child is helpful. Tubing can be 

tucked under clothing (onesies, overalls, tube tops and bandnets are helpful).

• The feeding tube may be left in place, unclamped to allow the child to burp, 

after about 10-30 minutes. If the child has a button gastrostomy, he will need a 

decompression tube to vent air. To prevent reflux, the child may need to remain 

with head elevated 30- 60 minutes after feeding.

• After formula and burping are finished, flush tubing with 10-30 cc water. Close 

tube. Tuck gastrostomy under clothing.

• Wash feeding set with hot, soapy water, rinse well and air dry. Feeding sets may 

be reused.

When to Call the Doctor
• If the skin around the gastrostomy is warm, tender, bright red – larger than a 

quarter

• If excess puffy red tissue is building up around stoma site or persistent bleeding 

around stoma site

• If there is excess leaking around stoma site or tube, e.g., soaking 2x2 gauze in 

<4 hours

• If stomach contents are leaking through button
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• If child has persistent vomiting, diarrhea or constipation

• If the feeding tube is blocked and you cannot remove blockage

• If the feeding tube is pulled out

• If the child has a temperature >101˚F

Common Pump Problems—Check this list if the 
pump isn’t working correctly
• Did the “START” button get pressed?

• Are the clamps open?

• Is the tubing kinked?

• Is the drip chamber too full or not positioned correctly?

• Is the “Pause” button on?

• Is the feeding tube plugged?

• If none of the above, call home care agency.

Social Concerns with Tube Feeding
An important consideration in tube feeding is the family’s ability and willingness 

to carry out the tube feeding program. Concerns include the availability and cost 

of equipment and formula, home sanitation and family hygiene, family support 

systems, and other psychosocial factors. Many families have a difficult time deciding 

to use a tube for feeding their child. When families are asked about tube feeding, 

their concerns include finding a caregiver to tube feed their child, public ignorance 

about tube feeding, planning their social life around feeding schedules, and 

sadness over depriving their child of the pleasure of eating. Reviewing the benefits 

of tube feeding and allowing them to talk with other parents may help decrease 

their anxiety. Insurance coverage for formulas and feeding equipment should be 

determined before the child is hospitalized for tube placement.

Before the child is discharged from the hospital, the caregiver(s) must be prepared 

for tube feeding. More than one family member or caregiver should be taught about 

the tube feeding to ensure continuity of the child’s feeding program and to prevent 

isolation of the primary caregiver. Caregivers should be thoroughly instructed on the 

following aspects of tube feeding: formula preparation, use and care of equipment, 

insertion of the tube, stoma care and emergency procedures. The caregivers should 

be encouraged to keep the following records in a notebook, which they should bring 

to each clinic visit: formula intake, stooling pattern, activity, behavior, medications, 

and instructions from medical staff. Identify who will provide formula, supplies, 

and nutrition follow-up. A home care company can provide feeding supplies and 
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equipment. The Special Supplemental Nutrition Program for Women, Infants and 

Children (WIC) may provide some formulas to eligible infants and children. 

The caregiver(s) should be contacted daily for the first week the child is home, or 

until they feel secure with the tube feeding regimen. The follow-up can be provided 

by home visit, clinic visit or telephone. The caregiver(s) should be given a phone 

number for 24-hour assistance regarding problems with tube feeding. 

Family meals offer important learning experiences for children who are tube fed. It is 

important for the child to associate the satisfying feeling of fullness with the pleasant 

time of family meals, including social interactions, good smells and appearance of 

food. Even if the child does not experience the tastes and textures of oral feeding, 

the social experience can be provided. This is important if the child is to eventually 

transition from enteral to oral feeding.

Feeding Behaviors
Negative or atypical feeding behaviors may be present before a child is tube fed and 

additional behaviors may develop while the child is tube fed. See Chapter 9.

School and Tube Feeding
Children with feeding tubes are eligible for expanded nutrition services in schools 

through Public Law 99-457 and the Americans with Disabilities Act. Tube feedings 

can be given as a routine activity at school. This presents understandable concern for 

educators. A team, including the RD, a special educator, a nurse and the family can 

help facilitate feeding in the school. The objective is to use the same feeding routine, 

positioning, and oral-motor stimulation at home and at school. Physician’s orders, 

an individualized education plan (IEP) and instruction on when to call the family or 

physician may be required. See Chapter 12.

Transition to Oral Feeding
Transition to eating by mouth starts when the tube is first placed. All children on tube 

feeding require oral stimulation for development of feeding skills. (See Chapter 8) 

The child may need to “re-learn” that food in his mouth can satisfy hunger plus keep 

his mouth “awake” and ready to accept foods. Transition is generally most successful 

when the process involves a team; a team might include a pediatrician, RD, feeding 

therapist, and a nurse. Successful treatment addresses the following questions:
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• Can the child eat safely? How are his oral skills?

• Has the child shown appropriate growth on enteral feedings? Often a child will not 

show hunger until an appropriate weight for height is reached.

• Has the medical condition for which the child had tube placed been corrected?

• Are the parent and child ready to transition? Do they have the time to devote to 

transitioning?

A common approach to transition is to begin by promoting the child’s recognition of 

hunger cues. If necessary, “normalize” the feeding schedule to include three large 

and two to three small bolus feedings each day to resemble meals and snacks. This 

will help the child to recognize hunger and satiety. To stimulate hunger, caloric intake 

may need to be decreased by 25% and/or night-time feeds discontinued. Oral intake 

may be minimal so supplemental feedings are offered via the tube after each meal. 

As the child is able to consume more food orally, the tube feeding can be decreased. 

It is important to ensure an adequate fluid intake—continue to meet water needs by 

tube or orally. 

It takes time to change feeding behaviors. The longer a child goes without eating by 

mouth, the longer it will take to transition to oral feeding. Small steps are important 

so the child feels that she is in control. The child has the benefit of using the feeding 

tube to meet nutritional requirements (12).

The tube can be removed when the child can eat an adequate amount of food orally 

to support growth. It may be prudent to wait until the child demonstrates that he 

does not lose excessive weight with illness. Weaning from tube feeding is often a 

time when a child may not be meeting nutrition or hydration needs and will require 

increased monitoring.
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Technical Aspects of Home parenteral 
nutrition
Kathryn L. Hunt, RD, CD

The American Society of Enteral and Parenteral Nutrition (ASPEN) defines parenteral 

nutrition (PN) as nutrients provided intravenously. The most commonly used 

solutions are a combination of dextrose (carbohydrate), amino acids (protein), and 

fat (lipids). Parenteral nutrition can refer to all three components or the components 

dextrose and amino acids only. This section describes methods used to determine the 

components of a parenteral nutrition solution.

Fluid
The initial step in determining the PN solution is the estimation of the patient’s fluid 

needs. General guidelines for fluid management of PN in older infants and children 

are outlined in Table O-1 (1). 

Infants on PN often have increased energy needs due to the natural demands of 

growth combined with the stress of illness. PN solutions providing “maintenance” 

levels of fluid may not meet such energy needs and may be too hypertonic. For 

example, infants with illness or under stress often need between 135-150 mL/kg/

day of total fluid to adequately meet their energy needs for growth. Therefore, 

fluid volumes may be administered in excess of maintenance calculations and then 

macronutrients may be increased until the solution reaches the desired energy goal.

Table O-1: Estimating Fluid Requirements: Older infant/child
Child’s weight (kg) Fluid Requirements Per Day

0-10 kg 100 ml/kg/day (infants may need up to 135-150 mL/kg/d)

10-20 kg 1000 ml + (50 ml/kg for every kg between 10-20 kg)

>20 kg 1500 ml + (20 ml/kg for every kg > 20)

>40 kg 1500 ml per M2 body surface area
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Some conditions increase fluids needs:

• Fever (any degree of fever above normal (37.0-37.4 C) needs immediate medical 

attention. Fevers are often indicators of line sepsis.)

• Hypermetabolism

• Diarrhea (high ostomy outputs)

Some conditions decrease fluid needs:

• Heart disease

• Renal failure with low urine output

Energy
Parenteral energy needs vary depending upon the activity and stress of the individual 

child. Because PN requires less energy for digestion and absorption, energy needs 

may be up to 15 % lower in stable (renourished and not stressed), parentally 

fed children than for those who are fed enterally.  Conversely, an individual’s 

energy needs may be higher than the DRIs during periods of catch-up growth, 

hypermetabolism, and illness (2,3).

The dietitian must monitor the child’s rate of weight gain to ensure appropriate 

growth. Only by tracking monthly plots on the child’s growth chart can the dietitian 

determine whether to increase energy to maintain the growth pattern or decrease 

calories to prevent excessive weight gain.

Other Nutrients
Amino acids (AA) provide 4 kcal/g and should provide 6-16% of total energy 

depending upon the child’s energy needs and disease state. For infants and children, 

AA are typically started at 1.5 g/kg/day and increased by 0.5 g/kg/d increments until 

the final protein goal is reached (2).

Intravenous (IV) lipids provide a concentrated, isotonic source of energy by which fat is 
used to supply approximately 30-40% of the child’s total calories. The minimum amount 
of lipid required to prevent essential fatty acid deficiency is 4 – 8% of total calories, while 
the maximum amount of lipid that may be administered is 60% of total calories. Such 
IV lipids are available as 20% or 10% emulsions. 20% emulsions provide 2 kcal/ml and 
is the exclusive solution used in pediatric PN. 10% emulsions are no longer used in the 
pediatric population due to increased phospholipid content and inferior clearance.

Carbohydrate (dextrose) is typically the major source of non-protein energy and 

provides 3.4 kcal/g. In general dextrose should provide 40-50% of total energy (3).
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Electrolytes and minerals are adjusted in PN solutions based on serum lab values. 

The team managing the child’s PN solution will determine the amounts of electrolytes 

and minerals to be included in the solution.

Vitamins are added to each bag of PN solution prior to administration. The PN 

solution is clear until the vitamins are added; the vitamins change the color of the 

PN solution to yellow. Recommended parenteral vitamin and mineral intake levels are 

provided in Tables O-2 and O-3 (4).

Trace elements included in the PN solution will vary, depending on the child’s 

age, size, and medical condition. For example, patients with large stool and ostomy 

outputs may require additional zinc. Again, in general, children are not discharged 

from the hospital until their medical conditions are stable and PN solutions are firmly 

established. Recommended trace element intake levels are provided in Table O-4 (4).

Table O-2: Recommended Parenteral Vitamin Intakes for Term 
Infants and Children1,4

Nutrient Recommended intake

Vitamin A (μg RE/d) 700

Vitamin E (mg α-tocopherol/d) 7

Vitamin K (μg/d) 200

Vitamin D (IU/d) 400

Ascorbic acid (mg/d) 80

Thiamin (mg/d) 1.2

Riboflavin (mg/d) 1.4

Pyridoxine (mg/d) 1.0

Niacin (mg/d) 17

Pantothenate (mg/d) 5

Biotin (μg/d) 20

Folate (μg/d) 140

Vitamin B12 (μg/d) 1.0
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Table O-3: Recommended Parenteral Mineral Intakes for Term 
Infants and Children4

Nutrient Term infants: recommended 

intake (mg/L)

Children >1 year: 

recommended intake (mg/L)

Calcium 500-600 200-400

Phosphorus 400-450 150-300

Magnesium 50-70 50-70

Table O-4: Recommended Parenteral Trace Element Intakes for 
Term Infants and Children 1,4

Nutrient Term infants: recommended 

intake (μg/kg-1/d)

Children: recommended 

intake (μg/kg-1/d)

Zinc 250 < 3 mos 50

100 >3 mos

Copper 20 20

Selenium 2.0 2.0

Chromium 0.20 0.20

Manganese 1.0 1.0

Molybdenum 0.25 0.25

Iodide 1.0 1.0



Nutrition Interventions for Children With Special Health Care Needs 373

Appendix O

References
1. A.S.P.E.N. Guidelines for the use of parenteral and enteral nutrition in adult and 

pediatric patients. J Parenter Enteral Nutr. 2002; (26):1SA-138SA. 

NOTE – A process was described for updates of these guidelines in J Parenter 

Enteral Nutr. 2009; 33:255-259. Future updated guidelines will be published as 

separate chapters and will be available at the A.S.P.E.N. website  

(www.nutritioncare.org) with access to all. 

2. Baker RD, Baker S. Pediatric Parenteral Nutrition. New York, NY: Chapman and 

Hall. 1997.

3. Kerner JA. Parenteral nutrition. In: Walker WA, et al, eds. Pediatric 

Gastrointestinal Disease, 2nd ed. St. Louis, MO: Mosby. 1996; 1904-1951.

4. Cox JH, Melbardis IM. Parenteral nutrition. In: Samour PQ, Helm KK, Lang CE, 

eds. Handbook of Pediatric Nutrition, 3nd ed. Gaithersburg, MD: Aspen Publishers. 

2005.



374 Nutrition Interventions for Children With Special Health Care Needs

Appendix O



Nutrition Interventions for Children With Special Health Care Needs 375

Appendix P

Appendix p

diet Order for Meals at School

Student’s name         Age     Grade  

Disability             

Major life activity affected           

or

Nondisabling medical condition          

Diet Order (check all that apply):

     Increased calorie   #kcal Texture Modification

     Decreased calorie  #kcal  Chopped

     PKU  Ground

     Food allergy  Pureed

     Other: ___________________  Liquified

 Tube feeding

 Liquified Meal

 Formula                    type

Foods to Omit Foods to Substitute

I certify that the above-named student needs special school meals prepared as described 

above because of the student’s disability or chronic medical condition.

Physician or recognized medical authority signature (circle)

Office phone number    Date  

(Child Nutrition Services 10/97)
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Diet Prescription for Meals at School

Section 504 of the Rehabilitation Act of 1973 assures handicapped students access to school 

meal service, even if special meals are needed because of their handicap. If special meals are 

needed and requested, certification from a medical doctor must:

1. Verify that special meals are needed because of a disability or medical condition

2. Prescribe the modified diet and/or textures allowed

Name of student for whom special meals at school are requested:

Disability or medical condition that requres the student to have a special diet:

Foods Prescribed: 

Texture Consistency Required:

Feeding Positioning and Assistance:

Other Information Regarding Diet or Feeding (Please provide additional information on the 

back of this form or attach to this form.)

I certify that the above named student requires special school meals prepared as described 

above because of the student’s disability or chronic medical condition.

Physician/Recognized Medical Authority Signature  Office Phone Number Date
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iep nutrition Related Goals and Objectives
Goals Considerations for Writing 

Objectives

1.	 To	develop	or	refine	self-feeding	skills

•	 finger	feeding
•	 use	of	feeding	utensils
•	 use	of	a	cup	or	glass

•	 identify	special	feeding	equipment	
and level of assistance needed for 
practicing	skills

2.	 To	improve	oral-motor	function	related	to	eating
•	 lip closure: 

on spoon/fork
on	cup/glass
while	chewing
at rest

•	 tongue	movement	(within	and	outside	mouth)	
laterilization, elevation and depression

•	 chewing	pattern
•	 suck	through	straw
•	 bite off piece of food
•	 oral	reflexes,	hyperactive	gag,	tongue	thrust
•	 oral sensitivity

hyposensitive

hypersensitive

•	 consider exercises to facilitate 
oral-motor	function	and	specify	
frequency	and	dureation	of	the	
exercises

•	 consider food texture and 
consistency	changes	to	facilitate	
improved	oral-motor	function

•	 identify	positive	reinforcement	for	
successful	attempts

3.	 To	improve	mealtime	behaviors

•	 inappropriate	finger	feeding
•	 pace
•	 rumination/regurgitation
•	 food	acceptance	(textures,	types	or	variety	of	
foods)

•	 neatness
•	 feeding	posture/position
•	 self-abusive	behavior
•	 staying	on	task
•	 staying	at	the	table

•	 identify supervision needed for 
monitoring	mealtime	behavior

•	 identify presentation of new 
foods/textures and situations

•	 identify	the	appropriate	mealtime	
environment

•	 identify	positive	reinforcement	for	
appropriate behavior

4.	 To	identify	and	communicate	nutrition	needs

•	 hunger
•	 thirst
•	 food	names
•	 food	groups
•	 restricted foods
•	 special	nutrients	(iron	rich	foods,	etc.)

•	 identify special instruction or 
learning	activities	to	teach	
nutritional needs

•	 identify	games/exercises	for	food	
or	nutrient	recognition

•	 identify	positive	reinforcement	for	
correct responses
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Goals Considerations for Writing 
Objectives

5.	 To	improve	food	preparation	and	meal	time	skills
•	 open	can,	box,	carton	package
•	 make	sandwhich
•	 make	snack
•	 pour, stir, slice, etc.
•	 set table
•	 clear table
•	 clean table, utensils

•	 identify practice periods and 
exercises	or	steps	for	skill	
development

•	 identify supervision needed to 
monitor	skill	development

•	 identify	positive	reinforcement	for	
successful	attempts

6.	 To	improve	growth	rates
•	 weight	maintenance	with	continued	linear	growth
•	 gradual	weight	loss	with	continued	linear	growth
•	 weight	gain	and	linear	growth

•	 identify	person(s)	responsible	for	
tracking	growth

•	 develop	a	school	weight	control	
program

•	 identify	dietary	supplements	and	
modifications	provided	by	the	
school	and/or	the	family

•	 identify	extra	snacks	scheduled	
during	the	school	day

•	 identify positive reinforcers for 
growth	changes

7.	 To	maintain	lab	data	within	normal	limits*

•	 blood	glucose	levels	(Diabetes)
•	 phenylalanine	levels	(PKU)

•	 identify	a	method	to	obtain	and	
communicate	specific	lab	values

•	 identify	methods	of	monitoring	
this data

*These	are	very	specific	nutrition	goals	which	may	not	be	appropriate	for	the	school	to	

monitor.		However,	other	goals	may	be	written	which	relate	to	this	data.		

Example:  For the child with diabetes, the goal is to decrease episodes of hypoglycemia.

Reprinted	with	permission	from	Horsley	JW,	Allen	ER,	Daniel	PW.		Nutrition Management of 

School Age Children with Special Needs. 2nd	ed.	Virginia	Department	of	Health	and	Virginia	

Department	of	Education;	1996.
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Selected disorders Affecting Children 
With Special Health Care needs
Cristine Trahms, MS, RD, CD, FADA and Beth Ogata, MS, RD, CSP, CD

Many conditions affecting CSHCN are rare, that is, few children are affected by an 

individual disorder. However, for these children proper management and nutrition 

intervention is essential for the best possible outcome, health, and well-being. This 

table lists disorders of children that may be seen by nutritionists in the community 

and suggests resources that provide more information. Specific diagnoses and 

intervention (care plan) information should be obtained for each child. In general, 

the disorders in this table are organized by “cause” or etiology. 
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Appendix S

Commercial nutrition products
Kim Cooperman, MS, RD, CD

This section contains general information about commercial nutrition products. 

This table does not list products used in the neonatal intensive care unit or for 

specific metabolic conditions. Manufacturers and contact information are listed at 

the end of the table. This information was current at the time of this writing, but 

manufacturing processes change frequently as do products. Contact manufacturers 

directly for formula preparation instructions and current nutrient content data. 

Product information is provided for informational purposes only and is not intended 

to promote specific products. Store brand versions of some formulas are also 

available. Generally, these products are manufactured by major formula companies. 

Information about the manufacturer can be found on the label. 



386 Nutrition Interventions for Children With Special Health Care Needs

Appendix S

Ta
bl

e 
S-

1:
 In

fa
nt

 F
or

m
ul

as

P
ro

d
u

ct
M

a
n

u
fa

ct
u

re
r

E
n

e
rg

y
 

(k
ca

l/
o

z)

O
sm

o
la

li
ty

 
(m

O
sm

/
k
g

 H
2
O

)
C

o
m

m
e
n

ts

H
u
m

an
 M

ilk
2
0

3
0
0

H
u
m

an
 m

ilk
 i
s 

id
ea

l 
fo

r 
h
ea

lt
h
y 

fu
ll-

te
rm

 i
n
fa

n
ts

S
ta

n
d

a
rd

 M
il

k
-B

a
se

d
 F

o
rm

u
la

s:
 S

ta
n
d
ar

d
 m

ilk
-b

as
ed

 f
o
rm

u
la

s 
g
en

er
al

ly
 c

o
n
ta

in
 w

h
ey

 a
n
d
 c

as
ei

n
, 

m
ed

iu
m

 a
n
d
 l
o
n
g
-c

h
ai

n
 f

at
ty

 a
ci

d
s,

 a
n
d
 

la
ct

o
se

. 
T
h
e 

m
in

er
al

 a
n
d
 e

le
ct

ro
ly

te
 c

o
n
te

n
t 

va
ri
es

 w
it
h
 t

h
e 

p
ro

d
u
ct

. 
T
h
e 

in
d
ic

at
ed

 e
n
er

g
y 

an
d
 o

sm
o
la

lit
y 

ar
e 

b
as

ed
 o

n
 a

 s
ta

n
d
ar

d
 d

ilu
ti
o
n
.

E
n
fa

m
il 

Pr
em

iu
m

E
n
fa

m
il 

Li
p
il 

M
ea

d
 J

o
h
n
so

n

2
0

3
0
0

G
en

er
al

 u
se

 f
o
r 

fu
ll-

te
rm

 i
n
fa

n
ts

; 
w

it
h
 D

H
A
/A

R
A
; 

Pr
em

iu
m

 c
o
n
ta

in
s 

p
re

b
io

ti
c 

g
al

ac
to

o
lig

o
sa

cc
h
ar

id
es

 (
G

O
S
)

E
n
fa

m
il 

A
R
 

E
n
fa

m
il 

R
es

tf
u
l

M
ea

d
 J

o
h
n
so

n

2
0

2
3
0
 (

p
o
w

d
er

ed
)

2
4
0
 (

liq
u
id

)

T
h
es

e 
ar

e 
es

se
n
ti
al

ly
 t

h
e 

sa
m

e 
p
ro

d
u
ct

 w
it
h
 d

if
fe

re
n
t 

n
am

es
; 

m
ilk

 b
as

ed
 

p
ro

te
in

; 
ad

d
ed

 r
ic

e 
st

ar
ch

 w
h
ic

h
 t

h
ic

ke
n
s 

in
 a

n
 a

ci
d
ic

 e
n
vi

ro
n
m

en
t;

 w
it
h
 

D
H

A
/A

R
A
; 

E
n
fa

m
il 

R
es

tf
u
l 
o
n
ly

 a
va

ila
b
le

 a
s 

p
o
w

d
er

S
im

ila
c 

A
d
va

n
ce

 E
ar

ly
 

S
h
ie

ld

A
b
b
o
tt

2
0

3
1
0

G
en

er
al

 u
se

 f
o
r 

fu
ll-

te
rm

 i
n
fa

n
ts

; 
w

it
h
 D

H
A
/A

R
A
 ,

 n
u
cl

eo
ti
d
es

, 
an

ti
ox

id
an

ts
 

an
d
 g

al
ac

to
-o

lig
o
sa

cc
h
ar

id
es

 (
G

O
S
)

S
im

ila
c 

S
en

si
ti
ve

 

A
b
b
o
tt

2
0

1
8
0

G
en

er
al

 u
se

 f
o
r 

fu
ll-

te
rm

 i
n
fa

n
ts

; 
m

ilk
-b

as
ed

, 
la

ct
o
se

 f
re

e 
n
o
t 

g
al

ac
to

se
-

fr
ee

S
im

ila
c 

S
en

si
ti
ve

 R
.S

.

A
b
b
o
tt

2
0

1
8
0

M
ilk

 b
as

ed
, 

la
ct

o
se

 f
re

e 
w

it
h
 a

d
d
ed

 r
ic

e 
st

ar
ch

S
im

ila
c 

O
rg

an
ic

A
b
b
o
tt

2
0

2
2
5

G
en

er
al

 u
se

 f
o
r 

fu
ll-

te
rm

 i
n
fa

n
ts

; 
w

it
h
 D

H
A
/A

R
A
 a

n
d
 n

u
cl

eo
ti
d
es

S
o

y
-B

a
se

d
 F

o
rm

u
la

s:
 S

oy
-b

as
ed

 f
o
rm

u
la

s 
co

n
ta

in
 s

oy
 p

ro
te

in
 i
so

la
te

, 
lo

n
g
 c

h
ai

n
 f
at

ty
 a

ci
d
s,

 a
n
d
 s

u
cr

o
se

 o
r 

g
lu

co
se

 p
o
ly

m
er

s.
 T

h
e 

in
d
ic

at
ed

 
en

er
g
y 

an
d
 o

sm
o
la

lit
y 

ar
e 

b
as

ed
 o

n
 a

 s
ta

n
d
ar

d
 d

ilu
ti
o
n
.

G
o
o
d
 S

ta
rt

 S
oy

 P
lu

s

N
es

tl
e

2
0

2
7
0

La
ct

o
se

 i
n
to

le
ra

n
ce

; 
la

ct
o
se

-f
re

e,
 n

o
t 

re
co

m
m

en
d
ed

 f
o
r 

in
fa

n
ts

 w
it
h
 c

o
w

’s
 

m
ilk

 a
lle

rg
y;

 w
it
h
 D

H
A
/A

R
A

S
im

ila
c 

Is
o
m

il 
A
d
va

n
ce

A
b
b
o
tt

2
0

2
0
0

La
ct

o
se

 i
n
to

le
ra

n
ce

; 
m

ilk
 a

n
d
 l
ac

to
se

-f
re

e,
 n

o
t 

re
co

m
m

en
d
ed

 f
o
r 

in
fa

n
ts

 
w

it
h
 c

o
w

’s
 m

ilk
 a

lle
rg

y;
 w

it
h
 D

H
A
/A

R
A



Nutrition Interventions for Children With Special Health Care Needs 387

Appendix S

P
ro

d
u

ct
M

a
n

u
fa

ct
u

re
r

E
n

e
rg

y
 

(k
ca

l/
o

z)

O
sm

o
la

li
ty

 
(m

O
sm

/
k
g

 H
2
O

)
C

o
m

m
e
n

ts

S
im

ila
c 

Is
o
m

il 
D

F

A
b
b
o
tt

2
0

2
4
0

La
ct

o
se

 i
n
to

le
ra

n
ce

; 
co

n
ta

in
s 

so
y 

fi
b
er

 (
6
 g

/L
);

 f
o
r 

in
fa

n
ts

 >
 6

 m
o
n
th

s 
o
f 

ag
e 

an
d
 t

o
d
d
le

rs

E
n
fa

m
il 

Pr
o
S
o
b
ee

 

M
ea

d
 J

o
h
n
so

n

2
0

1
7
0

La
ct

o
se

 i
n
to

le
ra

n
ce

; 
m

ilk
, 

la
ct

o
se

 f
re

e 
, 

n
o
t 

re
co

m
m

en
d
ed

 f
o
r 

in
fa

n
ts

 w
it
h
 

co
w

’s
 m

ilk
 a

lle
rg

y;
 w

it
h
 D

H
A
/A

R
A

P
a
rt

ia
ll

y
 H

y
d

ro
ly

ze
d

 W
h

e
y
-B

a
se

d
 F

o
rm

u
la

s

G
o
o
d
 S

ta
rt

 N
o
u
ri
sh

 P
lu

s

N
es

tl
e

2
0

2
5
0

G
en

er
al

 u
se

 w
it
h
 f
u
ll 

te
rm

 i
n
fa

n
ts

; 
h
yd

ro
ly

ze
d
 w

h
ey

 p
ro

te
in

G
o
o
d
 S

ta
rt

 G
en

tl
e 

Pl
u
s 

N
es

tl
e

2
0

2
5
0

G
en

er
al

 u
se

 w
it
h
 f
u
ll 

te
rm

 i
n
fa

n
ts

; 
h
yd

ro
ly

ze
d
 w

h
ey

 p
ro

te
in

 w
it
h
 D

H
A
 a

n
d
 

A
R
A
 

G
o
o
d
 S

ta
rt

 P
ro

te
ct

 P
lu

s

N
es

tl
e

2
0

2
5
0

G
en

er
al

 u
se

 w
it
h
 f
u
ll 

te
rm

 i
n
fa

n
ts

; 
in

fa
n
t 

fo
rm

u
la

 w
it
h
 b

ifi
d
u
s;

 h
yd

ro
ly

ze
d
 

w
h
ey

 p
ro

te
in

 w
it
h
 D

H
A
 a

n
d
 A

R
A
 

E
n
fa

m
il 

G
en

tl
ea

se
 

M
ea

d
 J

o
h
n
so

n

2
0

2
2
0

R
ed

u
ce

d
 l
ac

to
se

 a
n
d
 p

ar
ti
al

ly
 d

ig
es

te
d
 p

ro
te

in

S
p

e
ci

a
li

ze
d

 F
o

rm
u

la
s:

 T
h
es

e 
fo

rm
u
la

s 
ar

e 
m

o
d
ifi

ed
 f
o
r 

in
fa

n
ts

 w
it
h
 p

ro
b
le

m
s 

o
f 
d
ig

es
ti
o
n
 a

n
d
 a

b
so

rp
ti
o
n
. 

T
h
e 

in
d
ic

at
ed

 e
n
er

g
y 

an
d
 o

sm
o
la

lit
y 

ar
e 

b
as

ed
 o

n
 a

 s
ta

n
d
ar

d
 d

ilu
ti
o
n
.

S
im

ila
c 

A
lim

en
tu

m

A
b
b
o
tt

2
0

3
7
0

H
yp

o
al

le
rg

en
ic

 f
o
rm

u
la

 f
o
r 

in
fa

n
ts

 s
en

si
ti
ve

 t
o
 i
n
ta

ct
 p

ro
te

in
s;

 l
ac

to
se

 f
re

e;
 

ca
rb

o
h
yd

ra
te

 i
s 

co
rn

 s
yr

u
p
 s

o
lid

s;
 f

at
 i
s 

5
5
%

 M
C
T
 o

il;
 p

ro
te

in
 i
s 

h
yd

ro
ly

ze
d
 

ca
se

in
 a

n
d
 t

au
ri
n
e

E
le

ca
re

A
b
b
o
tt

2
0
-3

0
2
0
 c

al
: 

3
5
0

3
0
 c

al
: 

5
6
0

E
le

m
en

ta
l:

 I
m

p
ai

re
d
 G

I 
fu

n
ct

io
n
, 

al
le

rg
y.

 P
ro

te
in

 f
ro

m
 L

-a
m

in
o
 a

ci
d
s;

 f
at

 
fr

o
m

 h
ig

h
-o

le
ic

 s
af

fl
o
w

er
, 

M
C
T
 o

il 
an

d
 s

oy
 o

il;
 c

ar
b
o
h
yd

ra
te

 f
ro

m
 c

o
rn

 
sy

ru
p
 s

o
lid

s

E
le

C
ar

e 
U

n
fl
av

o
re

d
 a

n
d
 E

le
C
ar

e 
U

n
fl
av

o
re

d
 w

it
h
 D

H
A
/A

R
A
 a

p
p
ro

p
ri
at

e 
fo

r 
in

fa
n
ts



388 Nutrition Interventions for Children With Special Health Care Needs

Appendix S

P
ro

d
u

ct
M

a
n

u
fa

ct
u

re
r

E
n

e
rg

y
 

(k
ca

l/
o

z)

O
sm

o
la

li
ty

 
(m

O
sm

/
k
g

 H
2
O

)
C

o
m

m
e
n

ts

N
u
tr

am
ig

en

 N
u
tr

am
ig

en
 w

it
h
 E

n
fl
o
ra

 
LG

G
 

M
ea

d
 J

o
h
n
so

n

2
0

3
0
0

H
yp

o
al

le
rg

en
ic

 f
o
rm

u
la

 f
o
r 

in
fa

n
ts

 s
en

si
ti
ve

 t
o
 i
n
ta

ct
 m

ilk
 p

ro
te

in
; 

g
al

ac
to

se
, 

la
ct

o
se

 a
n
d
, 

su
cr

o
se

-f
re

e;
 c

ar
b
o
h
yd

ra
te

 i
s 

co
rn

 s
yr

u
p
 s

o
lid

s,
 

co
rn

st
ar

ch
; 

fa
t 

is
 p

al
m

 o
le

in
, 

so
y,

 c
o
co

n
u
t,

 s
u
n
fl
o
w

er
 o

ils
; 

p
ro

te
in

 i
s 

h
yd

ro
ly

ze
d
 c

as
ei

n
; 

w
it
h
 D

H
A
/A

R
A
; 

co
n
ta

in
s 

p
ro

b
io

ti
c 

la
ct

o
b
ac

ill
u
s 

rh
am

n
o
su

s 
(L

G
G

)

E
n
fa

m
il 

N
u
tr

am
ig

en
 A

A
 

M
ea

d
 J

o
h
n
so

n

2
0

3
5
0

H
yp

o
al

le
rg

en
ic

 f
o
rm

u
la

 f
o
r 

in
fa

n
ts

 s
en

si
ti
ve

 t
o
 i
n
ta

ct
 m

ilk
 p

ro
te

in
; 

la
ct

o
se

-,
 

su
cr

o
se

-f
re

e;
 c

ar
b
o
h
yd

ra
te

 i
s 

co
rn

 s
yr

u
p
 s

o
lid

s,
 c

o
rn

st
ar

ch
; 

fa
t 

is
 p

al
m

 
o
le

in
, 

so
y,

 c
o
co

n
u
t,

 s
u
n
fl
o
w

er
 o

ils
; 

p
ro

te
in

 i
s 

fr
ee

 a
m

in
o
 a

ci
d
s;

 w
it
h
 D

H
A
/

A
R
A

Po
rt

ag
en

M
ea

d
 J

o
h
n
so

n

3
0

3
5
0

Fa
t 

m
al

ab
so

rp
ti
o
n
; 

fa
t 

is
 M

C
T
 a

n
d
 c

o
rn

 o
il;

 m
ilk

 b
as

ed
 

E
n
fa

p
o
rt

 

M
ea

d
 J

o
h
n
so

n

3
0

2
8
0

C
h
yl

o
th

o
ra

x 
o
r 

Lo
n
g
 C

h
ai

n
 3

 H
yd

ro
xy

ac
yl

 C
o
A
 D

eh
yd

ro
g
en

as
e 

D
efi

ci
en

cy
; 

8
4
%

 M
C
T

 P
re

g
es

ti
m

il 

M
ea

d
 J

o
h
n
so

n

2
0

3
2
0
 (

p
o
w

d
er

)
M

al
ab

so
rp

ti
o
n
, 

al
le

rg
y 

to
 c

o
w

’s
 m

ilk
 o

r 
so

y 
p
ro

te
in

; 
la

ct
o
se

 a
n
d
 s

u
cr

o
se

 
fr

ee
; 

ca
rb

o
h
yd

ra
te

 i
s 

co
rn

 s
yr

u
p
 s

o
lid

s;
 f

at
 i
s 

5
5
%

 M
C
T
 o

il;
 p

ro
te

in
 i
s 

h
yd

ro
ly

ze
d
 c

as
ei

n
, 

am
in

o
 a

ci
d
s;

 w
it
h
 D

H
A
/A

R
A

S
im

ila
c 

PM
/6

0
/4

0

A
b
b
o
tt

2
0

2
8
0

R
en

al
 i
n
su

ffi
ci

en
cy

, 
lo

w
-s

tr
es

s 
in

it
ia

l 
fe

ed
in

g
 f

o
r 

lo
w

 b
ir
th

w
ei

g
h
t 

in
fa

n
ts

, 
co

n
g
es

ti
ve

 h
ea

rt
 f
ai

lu
re

; 
lo

w
 r

en
al

 s
o
lu

te
 l
o
ad

, 
lo

w
 p

h
o
sp

h
o
ru

s 
(C

a:
P=

2
.1

),
 

lo
w

 s
o
d
iu

m
 (

1
6
 m

g
/1

0
0
m

L)
; 

lo
w

 i
ro

n
; 

ca
rb

o
h
yd

ra
te

 i
s 

la
ct

o
se

; 
p
ro

te
in

 i
s 

w
h
ey

 a
n
d
 c

as
ei

n

N
eo

ca
te

 I
n
fa

n
t

N
u
tr

ic
ia

2
0

3
7
5

H
yp

o
al

le
rg

en
ic

, 
fo

r 
in

fa
n
ts

 w
it
h
 c

o
w

’s
 m

ilk
 a

lle
rg

y 
an

d
 f

o
o
d
 p

ro
te

in
 

in
to

le
ra

n
ce

; 
el

em
en

ta
l 
fo

rm
u
la

; 
w

it
h
 o

r 
w

it
h
o
u
t 

D
H

A
/A

R
A

F
o

rm
u

la
s 

P
o

st
 D

is
ch

a
rg

e
 f

o
r 

P
re

m
a
tu

re
 I

n
fa

n
ts

S
im

ila
c 

N
eo

su
re

A
b
b
o
tt

2
2

2
5
0

Pr
em

at
u
re

 f
o
rm

u
la

 f
o
r 

h
o
m

e 
u
se

 u
n
ti
l 
p
o
st

n
at

al
 a

g
e 

o
f 

9
 m

o

E
n
fa

m
il 

E
n
fa

ca
re

 

M
ea

d
 J

o
h
n
so

n

2
2

3
0
0
 (

p
o
w

d
er

)
Pr

em
at

u
re

 f
o
rm

u
la

 f
o
r 

h
o
m

e 
u
se

 u
n
ti
l 
p
o
st

n
at

al
 a

g
e 

o
f 

9
 m

o



Nutrition Interventions for Children With Special Health Care Needs 389

Appendix S

P
ro

d
u

ct
M

a
n

u
fa

ct
u

re
r

E
n

e
rg

y
 

(k
ca

l/
o

z)

O
sm

o
la

li
ty

 
(m

O
sm

/
k
g

 H
2
O

)
C

o
m

m
e
n

ts

F
o

ll
o

w
-u

p
 F

o
rm

u
la

s:
 T

h
e
se

 f
o

rm
u

la
s 

a
re

 a
lt

e
rn

a
ti

v
e
s 

to
 c

o
w

’s
 m

il
k
 o

r 
so

y
 m

il
k
; 

th
e
y
 a

re
 f

o
rt

ifi
e
d

 w
it

h
 i

ro
n

.

G
o
o
d
 S

ta
rt

 G
en

tl
e 

Pl
u
s 

2

G
o
o
d
 S

ta
rt

 P
ro

te
ct

 P
lu

s 
2

G
o
o
d
 S

ta
rt

 S
oy

 P
lu

s 
2

N
es

tl
e

2
0

2
0

2
0

2
6
5

2
6
5

1
8
0

In
te

n
d
ed

 f
o
r 

in
fa

n
ts

 9
-2

4
 m

o
n
th

s 
w

h
o
 a

re
 e

at
in

g
 s

o
lid

 f
o
o
d
s;

 w
it
h
 D

H
A
/

A
R
A
; 

G
o
o
d
 S

ta
rt

 P
ro

te
ct

 P
lu

s 
2
 w

it
h
 b

ifi
d
u
s

E
n
fa

g
ro

w
 P

re
m

iu
m

 N
ex

t 
S
te

p
 E

n
fa

g
ro

w
 S

oy
 N

ex
t 

S
te

p
 

M
ea

d
 J

o
h
n
so

n

2
0

2
7
0

2
3
0

In
te

n
d
ed

 f
o
r 

to
d
d
le

rs
 9

-2
4
 m

o
n
th

s;
 w

it
h
 D

H
A
/A

R
A

N
eo

ca
te

 N
u
tr

a

N
u
tr

ic
ia

1
7
5
 i
n
 3

6
 

g
ra

m
s 

o
f 

p
o
w

d
er

N
/A

H
yp

o
al

le
rg

en
ic

, 
am

in
o
 a

ci
d
-b

as
ed

 s
em

i-
so

lid
 f

o
o
d
 c

o
n
ta

in
in

g
 e

ss
en

ti
al

 
vi

ta
m

in
s 

an
d
 m

in
er

al
s 

to
 p

ro
m

o
te

 b
al

an
ce

d
 n

u
tr

it
io

n
 i
n
 c

h
ild

re
n
 a

n
d
 i
n
fa

n
ts

 
ov

er
 6

 m
o
n
th

s 
o
f 
ag

e;
 p

o
w

d
er

 w
it
h
 a

d
d
ed

 w
at

er
 m

ix
es

 t
o
 a

 s
p
o
o
n
ab

le
, 

se
m

i-
so

lid
 f
o
o
d
 i
te

m

S
im

ila
c 

G
o
 a

n
d
 G

ro
w

 

S
im

ila
c 

G
o
 a

n
d
 G

ro
w

 
(S

oy
)

A
b
b
o
tt

2
0

2
0

3
0
0

2
0
0

In
te

n
d
ed

 f
o
r 

in
fa

n
ts

 a
n
d
 t

o
d
d
le

rs
 9

-2
4
 m

o
n
th

s 
w

h
o
 a

re
 e

at
in

g
 s

o
lid

 f
o
o
d
s



390 Nutrition Interventions for Children With Special Health Care Needs

Appendix S

Ta
bl

e 
S-

2:
 P

ed
ia

tr
ic

 F
or

m
ul

as

P
ro

d
u

ct
M

a
n

u
fa

ct
u

re
r

E
n

e
rg

y
 

(k
ca

l/
o

z)
C

o
m

m
e
n

ts

S
ta

n
d

a
rd

 P
e
d

ia
tr

ic
 F

o
rm

u
la

s

C
o
m

p
le

at
 P

ed
ia

tr
ic

 B
le

n
d
er

iz
ed

 

N
es

tl
e

3
0

La
ct

o
se

-,
 s

oy
-,

 a
n
d
 g

lu
te

n
-f

re
e;

 p
ro

te
in

 f
ro

m
 m

ilk
 a

n
d
 c

h
ic

ke
n
; 

fa
t 

fr
o
m

 c
an

o
la

 a
n
d
 M

C
T
 o

ils
; 

ca
rb

o
h
yd

ra
te

 f
ro

m
 c

o
rn

 s
ta

rc
h
, 

cr
an

b
er

ry
 j
u
ic

e 
co

ck
ta

il 
ju

ic
e,

 p
ea

, 
g
re

en
 b

ea
n
 a

n
d
 p

ea
ch

 
p
u
re

e;
 c

o
n
ta

in
s 

fr
u
it
 a

n
d
 v

eg
et

ab
le

 fi
b
er

 a
n
d
 B

en
efi

b
er

 (
6
 g

/9
0
0
 m

l)

Pe
d
ia

S
u
re

 N
u
tr

ip
al

s

A
b
b
o
tt

1
8
.7

5
R
et

ai
l 
b
ev

er
ag

e.
 L

ac
to

se
 f
re

e 
w

it
h
 m

ilk
 a

n
d
 s

oy
 p

ro
te

in
. 

N
o
t 

n
u
tr

it
io

n
al

ly
 c

o
m

p
le

te

B
o
o
st

 K
id

 E
ss

en
ti
al

 

N
es

tl
e

3
0

Pr
o
te

in
 f
ro

m
 c

as
ei

n
, 

w
h
ey

; 
fa

t 
fr

o
m

 c
an

o
la

, 
M

C
T,

 s
oy

 o
ils

; 
ca

rb
o
h
yd

ra
te

 f
ro

m
 m

al
to

d
ex

tr
in

, 
su

cr
o
se

; 
va

n
ill

a 
fl
av

o
re

d

Pe
d
ia

S
u
re

 (
w

it
h
 s

cF
O

S
 a

n
d
 

D
H

A
)

Pe
d
ia

S
u
re

 w
it
h
 F

ib
er

 (
w

it
h
 

sc
FO

S
 a

n
d
 D

H
A

Pe
d
ia

S
u
re

 E
n
te

ra
l 
Fo

rm
u
la

 

Pe
d
ia

S
u
re

 E
n
te

ra
l 
Fo

rm
u
la

 w
it
h
 

Fi
b
er

 a
n
d
 s

cF
O

S

A
b
b
o
tt

3
0

La
ct

o
se

-f
re

e;
 p

ro
te

in
 f
ro

m
 c

as
ei

n
, 

w
h
ey

; 
fa

t 
fr

o
m

 h
ig

h
-o

le
ic

 s
af

fl
o
w

er
, 

so
y,

 M
C
T
 o

ils
; 

ca
rb

o
h
yd

ra
te

 f
ro

m
 m

al
to

d
ex

tr
in

 a
n
d
 s

u
cr

o
se

 ;
 w

it
h
 fi

b
er

 c
o
n
ta

in
s 

so
y 

fi
b
er

 (
1
3
.5

 g
/L

),
 e

n
te

ra
l 

fi
b
er

 s
oy

 a
n
d
 o

at
 (

8
g
/L

) 
a 

o
sm

o
la

lit
y:

 e
n
te

ra
l 
=

 3
3
5
-3

4
5
 m

o
sm

/k
g
 w

at
er

, 
o
ra

l 
=

 4
8
0
-5

4
0
 

m
o
sm

/k
g
 w

at
er

; 

B
o
o
st

 K
id

 E
ss

en
ti
al

 1
.5

 

B
o
o
st

 K
id

 E
ss

en
ti
al

 1
.5

 w
it
h
 

Fi
b
er

 

N
es

tl
e

4
5

Pr
o
te

in
 f
ro

m
 c

as
ei

n
, 

w
h
ey

; 
fa

t 
fr

o
m

 s
oy

, 
h
ig

h
-o

le
ic

, 
su

n
fl
o
w

er
 a

n
d
 M

C
T
 o

ils
; 

ca
rb

o
h
yd

ra
te

 f
ro

m
 

m
al

to
d
ex

tr
in

; 
va

n
ill

a 
fl
av

o
re

d
; 

fi
b
er

 f
ro

m
 h

yd
ro

ly
ze

d
 g

u
ar

 g
u
m

 a
n
d
 s

oy
 fi

b
er

 (
9
 g

/L
)

N
u
tr

en
 J

u
n
io

r

N
u
tr

en
 J

u
n
io

r 
w

it
h
 F

ib
er

 (
w

it
h
 

p
re

b
io

ti
c)

N
es

tl
e

3
0

5
0
%

 w
h
ey

 p
ro

te
in

 c
o
n
ce

n
tr

at
e 

an
d
 m

ilk
 p

ro
te

in
; 

la
ct

o
se

 a
n
d
 g

lu
te

n
 f

re
e;

 fi
b
er

 f
ro

m
 p

ea
 fi

b
er

, 
d
ig

o
fr

u
ct

o
se

; 
p
re

b
io

ti
c 

in
u
lin



Nutrition Interventions for Children With Special Health Care Needs 391

Appendix S

P
ro

d
u

ct
M

a
n

u
fa

ct
u

re
r

E
n

e
rg

y
 

(k
ca

l/
o

z)
C

o
m

m
e
n

ts

S
p

e
ci

a
li

ze
d

 P
ro

d
u

ct
s

N
eo

C
at

e 
O

n
e 

+

( 
Po

w
d
er

) 
an

d

N
eo

ca
te

 E
0
2
8
 S

p
la

sh
 (

liq
u
id

) 
an

d

N
eo

ca
te

 J
u
n
io

r

N
u
tr

ic
ia

3
0

E
le

m
en

ta
l:

 I
m

p
ai

re
d
 G

I 
fu

n
ct

io
n
, 

co
w

 a
n
d
 s

oy
 m

ilk
 a

lle
rg

y,
 m

u
lt
ip

le
 f

o
o
d
 p

ro
te

in
 i
n
to

le
ra

n
ce

. 
Pr

o
te

in
 f
ro

m
 L

-a
m

in
o
 a

ci
d
s;

 f
at

 f
ro

m
 c

o
co

n
u
t,

 c
an

o
la

 a
n
d
 h

ig
h
-o

le
ic

 s
af

fl
o
w

er
 o

ils
; 

ca
rb

o
h
yd

ra
te

 f
ro

m
 c

o
rn

 s
yr

u
p
 s

o
lid

s(
p
o
w

d
er

),
 m

al
to

d
ex

tr
in

, 
an

d
 s

u
cr

o
se

 (
liq

u
id

)

P
ep

di
te

 J
un

io
r

N
ut

ric
ia

30
S

em
i-E

le
m

en
ta

l: 
Im

pa
ire

d 
G

I f
un

ct
io

n,
 m

al
ab

so
rp

tio
n.

 P
ro

te
in

 fr
om

 h
yd

ro
ly

ze
d 

po
rk

 a
nd

 s
oy

 (f
re

e 
am

in
o 

ac
id

s 
an

d 
no

n-
da

iry
 h

yd
ro

ly
sa

te
s)

; f
at

 fr
om

 c
oc

on
ut

 o
il,

 c
an

ol
a 

an
d 

hi
gh

-o
le

ic
 s

af
flo

w
er

 o
ils

; c
ar

bo
hy

dr
at

e 
fro

m
 c

or
n 

sy
ru

p 
so

lid
s

P
ep

ta
m

en
 J

un
io

r
P

ep
ta

m
en

 J
un

io
r w

ith
 P

re
bi

o 
P

ep
ta

m
en

 J
un

io
r F

ib
er

 (w
ith

 P
re

bi
o)

N
es

tle

30
S

em
i-E

le
m

en
ta

l: 
Im

pa
ire

d 
G

I f
un

ct
io

n;
 p

ro
te

in
 fr

om
 h

yd
ro

ly
ze

d 
w

he
y;

 fa
t f

ro
m

 M
C

T,
 s

oy
, c

an
ol

a 
oi

ls
; 

ca
rb

oh
yd

ra
te

 fr
om

 m
al

to
de

xt
rin

, c
or

ns
ta

rc
h;

 F
ib

er
 fr

om
 o

lig
of

ru
ct

os
e,

 p
ea

 fi
be

r (
fib

er
 v

er
si

on
 o

nl
y)

; p
re

bi
ot

ic
 

is
 in

ul
in

; P
ep

ta
m

en
 J

un
io

r v
er

si
on

s:
 u

nfl
av

or
ed

, v
an

ill
a,

 c
ho

co
la

te
, s

tra
w

be
rr

y.
 A

ll 
ot

he
rs

: V
an

ill
a 

P
ep

ta
m

en
 J

un
io

r 1
.5

 w
ith

 P
re

bi
o

N
es

tle
45

S
em

i-E
le

m
en

ta
l: 

Im
pa

ire
d 

G
I f

un
ct

io
n;

 p
ro

te
in

 fr
om

 h
yd

ro
ly

ze
d 

w
he

y;
 fa

t f
ro

m
 M

C
T,

 s
oy

, c
an

ol
a 

an
d 

tu
na

 o
il;

 
ca

rb
oh

yd
ra

te
 fr

om
 m

al
to

de
xt

rin
, a

nd
 c

or
ns

ta
rc

h;
 fi

be
r f

ro
m

 o
lig

of
ru

ct
os

e;
 p

re
bi

ot
ic

 in
ul

in
 

Vi
vo

ne
x 

P
ed

ia
tri

c
N

es
tle

24
E

le
m

en
ta

l: 
Im

pa
ire

d 
G

I f
un

ct
io

n.
 P

ro
te

in
 fr

om
 L

-a
m

in
o 

ac
id

s;
 fa

t f
ro

m
 M

C
T,

 s
oy

 o
ils

; c
ar

bo
hy

dr
at

e 
fro

m
 

m
al

to
de

xt
rin

, m
od

ifi
ed

 c
or

n 
st

ar
ch

E
le

ca
re

A
bb

ot
t

20
-3

0
E

le
m

en
ta

l: 
Im

pa
ire

d 
G

I f
un

ct
io

n,
 a

lle
rg

y.
 P

ro
te

in
 fr

om
 L

-a
m

in
o 

ac
id

s;
 fa

t f
ro

m
 h

ig
h-

ol
ei

c 
sa

ffl
ow

er
, M

C
T 

oi
l 

an
d 

so
y 

oi
l; 

ca
rb

oh
yd

ra
te

 fr
om

 c
or

n 
sy

ru
p 

so
lid

s

E
le

C
ar

e 
U

nfl
av

or
ed

 a
nd

 E
le

C
ar

e 
U

nfl
av

or
ed

 w
ith

 D
H

A
/A

R
A 

ap
pr

op
ria

te
 fo

r i
nf

an
ts

; b
ot

h 
of

 th
es

e 
pr

od
uc

ts
 

an
d 

va
ni

lla
 fl

av
or

ed
 v

er
si

on
 a

pp
ro

pr
ia

te
 fo

r c
hi

ld
re

n 
1 

ye
ar

 a
nd

 o
ld

er
 

Vi
ta

l j
r.

A
bb

ot
t

30
S

em
i-E

le
m

en
ta

l: 
Im

pa
ire

d 
G

I f
un

ct
io

n.
 P

ro
te

in
 fr

om
 W

he
y 

pr
ot

ei
n 

hy
dr

ol
ys

at
e 

an
d 

so
di

um
 c

as
ie

na
te

; 
fa

t f
ro

m
 in

te
re

st
er

ifi
ed

 c
an

ol
a 

an
d 

M
C

T 
oi

l; 
ca

rb
oh

yd
ra

te
 fr

om
 m

al
to

de
xt

rin
 a

nd
 s

uc
ro

se
; fi

be
r f

ro
m

 
fru

ct
oo

lig
os

ac
ch

ar
id

es
 (3

 g
/L

). 
Fl

av
or

s:
 v

an
ill

a 
an

d 
st

ra
w

be
rr

y

Li
pi

st
ar

t
Vi
ta
flo

22
-3

0
Fa

t m
al

ab
so

rp
tio

n,
 lo

ng
 c

ha
in

 fa
tty

 a
ci

d 
ox

id
at

io
n 

di
so

rd
er

s,
 c

hy
lo

th
or

ax
; 4

0%
 c

al
or

ie
s 

fro
m

 fa
t ;

 3
0%

 M
C

T,
 

10
%

 L
C

T.
 F

ra
ct

io
na

te
d 

co
co

nu
t o

il,
 s

oy
 o

il,
 A

A 
ric

h 
oi

l d
er

iv
ed

 fr
om

 fu
ng

al
 s

ou
rc

es
, w

he
y 

pr
ot

ei
n 

is
ol

at
e;

 h
as

 
ad

eq
ua

te
 e

ss
en

tia
l f

at
ty

 a
ci

d;
 D

H
A

/A
R

A
; f

or
 c

hi
ld

re
n 

12
 m

on
th

s 
to

 1
0 

ye
ar

s 
of

 a
ge



392 Nutrition Interventions for Children With Special Health Care Needs

Appendix S

Ta
bl

e 
S-

3:
 M

od
ul

ar
 P

ro
du

ct
s

P
ro

d
u

ct
M

a
n

u
fa

ct
u

re
r

E
n

e
rg

y
 

(k
ca

l)
C

o
m

m
e
n

ts

P
ro

d
u

ct
s 

to
 A

d
d

 P
ro

te
in

B
en

ep
ro

te
in

N
es

tl
e

1
6
.6

7
/T

b
sp

(3
.5

7
 c

al
/g

m
)

Pr
o
te

in
 f
ro

m
 w

h
ey

 p
ro

te
in

 i
so

la
te

; 
ad

d
 t

o
 f

o
o
d
 o

r 
fo

rm
u
la

; 
1
 T

b
sp

 c
o
n
ta

in
s 

4
 g

m
 

p
ro

te
in

, 
2
0
 m

g
 c

al
ci

u
m

, 
2
3
 m

g
 p

o
ta

ss
iu

m
, 

1
0
 m

g
 s

o
d
iu

m
 a

n
d
 1

0
 m

g
 p

h
o
sp

h
o
ru

s

Pr
o
ti
fa

r

N
u
tr

ic
ia

1
5
 c

al
/T

b
sp

(3
.7

3
 c

al
/g

m
)

Pr
o
te

in
 f
ro

m
 c

o
n
ce

n
tr

at
ed

 m
ilk

 p
ro

te
in

. 
1
 T

b
sp

 c
o
n
ta

in
s 

p
ro

te
in

 3
.5

 g
m

, 
so

d
iu

m
 

1
.2

 m
g
, 

p
o
ta

ss
iu

m
 2

 m
g
, 

ch
lo

ri
d
e 

4
 m

g
, 

, 
ca

lc
iu

m
 5

4
m

g
, 

p
h
o
sp

h
o
ru

s 
2
8
 m

g
, 

m
ag

n
es

iu
m

 .
8
 m

g
. 

C
o
n
ta

in
s 

so
y 

le
ci

th
in

N
o
n
fa

t 
p
o
w

d
er

ed
 m

ilk
1
5
/T

b
sp

In
ex

p
en

si
ve

 a
n
d
 r

ea
d
ily

 a
va

ila
b
le

; 
1
 T

b
sp

 c
o
n
ta

in
s 

1
.5

 g
 p

ro
te

in
, 

ca
lc

iu
m

 9
4
 m

g
, 

p
h
o
sp

h
o
ru

s 
7
4
 m

g
, 

m
ag

n
es

iu
m

 –
m

g
, 

V
it
 D

--
IU

; 
n
o
t 

re
co

m
m

en
d
ed

 f
o
r 

in
fa

n
ts

 
b
ec

au
se

 o
f 
h
ig

h
 r

en
al

 s
o
lu

te
 l
o
ad

C
o
m

p
le

te
 A

m
in

o
 A

ci
d
 M

ix

N
u
tr

ic
ia

3
1
.1

6
 c

al
/T

b
sp

(3
.2

8
 c

al
/g

m
)

Pr
o
te

in
 f
ro

m
 L

-a
m

in
o
 a

ci
d
s,

 e
ss

en
ti
al

 a
n
d
 n

o
n
-e

ss
en

ti
al

. 
1
 T

b
sp

 c
o
n
ta

in
s 

7
.8

 g
m

 
p
ro

te
in

E
ss

en
ti
al

 A
m

in
o
 A

ci
d
 M

ix

N
u
tr

ic
ia

2
8
.4

4
 c

al
/T

b
sp

3
.1

6
 c

al
/g

m
)

Pr
o
te

in
 f
ro

m
 L

-a
m

in
o
 a

ci
d
s,

 e
ss

en
ti
al

 o
n
ly

. 
1
 T

b
sp

 c
o
n
ta

in
s 

7
.1

 g
m

 p
ro

te
in

A
rg

in
ai

d

N
es

tl
e

3
5
 c

al
o
ri
es

 p
er

 
p
ac

ke
t 

(9
.2

 g
m

)
Pr

o
te

in
 f
ro

m
 L

-a
rg

in
in

e.
 F

o
r 

h
ea

lin
g
 d

u
e 

to
 b

u
rn

s,
 s

u
rg

er
y 

o
r 

ch
ro

n
ic

 w
o
u
n
d
s.

 P
er

 
p
ac

ke
t:

 p
ro

te
in

 4
.5

 g
ra

m
s,

 c
ar

b
o
h
yd

ra
te

 4
 g

m
, 

so
d
iu

m
 7

0
 m

g
, 

p
o
ta

ss
iu

m
 1

0
 m

g
, 

vi
ta

m
in

 C
 1

5
5
 m

g
, 

vi
ta

m
in

 E
 9

0
 I

U
. 

C
o
n
ta

in
s 

p
h
en

ya
la

n
in

e

R
es

o
u
rc

e 
G

lu
ta

so
lv

e

N
es

tl
e

9
0
 c

al
o
ri
es

 p
er

 
p
ac

ke
t 

(2
2
.5

 g
m

)
Fo

r 
G

I 
in

ju
ry

 o
r 

d
is

ea
se

. 
Pr

o
te

in
 f
ro

m
 L

-g
lu

ta
m

in
e.

 C
ar

b
o
h
yd

ra
te

 f
ro

m
 m

al
to

d
ex

tr
in

. 
Pe

r 
p
ac

ke
t:

 p
ro

te
in

 1
5
 g

m
, 

ca
rb

o
h
yd

ra
te

 7
 g

ra
m

s

P
ro

d
u

ct
s 

to
 A

d
d

 F
a
t

M
C
T
 o

il

N
es

tl
e

1
1
5
/T

b
sp

Fa
t 

m
al

ab
so

rp
ti
o
n
; 

co
n
ta

in
s 

m
ed

iu
m

 c
h
ai

n
 t

ri
g
ly

ce
ri
d
es

; 
d
o
es

 n
o
t 

p
ro

vi
d
e 

es
se

n
ti
al

 
fa

tt
y 

ac
id

s;
 d

o
es

 n
o
t 

st
ay

 i
n
 s

o
lu

ti
o
n
; 

ca
n
 b

e 
m

ix
ed

 w
it
h
 j
u
ic

es
, 

sa
la

d
s,

 v
eg

et
ab

le
s,

 
an

d
 s

au
ce

s,
 u

se
d
 i
n
 c

o
o
ki

n
g
; 

m
ay

 s
o
ft

en
 o

r 
b
re

ak
d
o
w

n
 c

o
n
ta

in
er

s/
 u

te
n
si

ls
 m

ad
e 

o
f 

ce
rt

ai
n
 p

la
st

ic
s—

u
se

 m
et

al
, 

g
la

ss
, 

o
r 

ce
ra

m
ic

M
ic

ro
lip

id

N
es

tl
e

6
7
.5

/T
b
sp

E
m

u
ls

ifi
ed

 f
at

 f
ro

m
 s

af
fl
o
w

er
 o

il;
 s

ta
ys

 i
n
 s

o
lu

ti
o
n
 l
o
n
g
er

 t
h
an

 v
eg

et
ab

le
 o

il



Nutrition Interventions for Children With Special Health Care Needs 393

Appendix S

P
ro

d
u

ct
M

a
n

u
fa

ct
u

re
r

E
n

e
rg

y
 

(k
ca

l)
C

o
m

m
e
n

ts

V
eg

et
ab

le
 o

il
1
2
0
/T

b
sp

Le
ss

 e
xp

en
si

ve
 t

h
an

 M
ic

ro
lip

id
 a

n
d
 M

C
T
 o

il;
 a

d
d
 t

o
 s

al
ad

s,
 v

eg
et

ab
le

s,
 s

au
ce

s,
 

ca
ss

er
o
le

s,
 h

o
t 

ce
re

al
s,

 a
n
d
 f
o
rm

u
la

Pr
o
d
u
ct

s 
to

 a
d
d
 f
at

 a
n
d
 p

ro
te

in
:

B
en

ec
al

o
ri
e

N
es

tl
e

3
3
0
/s

er
vi

n
g
 (

1
.5

 
o
z)

Fa
t 

fr
o
m

 h
ig

h
 o

le
ic

 s
u
n
fl
o
w

er
 o

il,
 p

ro
te

in
 f

ro
m

 c
al

ci
u
m

 c
as

ie
n
at

e.
 E

ac
h
 s

er
vi

n
g
 

p
ro

vi
d
es

: 
p
ro

te
in

 7
 g

m
, 

fa
t 

3
3
 g

m
, 

V
it
am

in
 C

 6
0
 m

g
, 

ca
lc

iu
m

 1
0
0
 m

g
, 

V
it
am

in
 E

 3
0
 

IU
, 

zi
n
c 

3
.7

5
 m

g

P
ro

d
u

ct
s 

to
 A

d
d

 C
a
rb

o
h

y
d

ra
te

C
o
rn

 s
yr

u
p

5
7
/T

b
sp

Pr
ov

id
es

 a
 c

o
n
ce

n
tr

at
ed

 s
o
u
rc

e 
o
f 
ca

rb
o
h
yd

ra
te

H
o
n
ey

6
1
/T

b
sp

Pr
ov

id
es

 a
 c

o
n
ce

n
tr

at
ed

 s
o
u
rc

e 
o
f 
ca

rb
o
h
yd

ra
te

. 
N

o
t 

re
co

m
m

en
d
ed

 f
o
r 

ch
ild

re
n
 

u
n
d
er

 1
 y

ea
r 

o
f 
ag

e.
 B

o
tu

lis
m

 s
p
o
re

s 
h
av

e 
b
ee

n
 a

ss
o
ci

at
ed

 w
it
h
 i
n
fa

n
t 

d
ea

th
 d

u
e 

to
 

im
m

at
u
re

 G
I 

sy
st

em
s

Po
ly

co
se

 L
iq

u
id

 a
n
d
 P

o
w

d
er

A
b
b
o
tt

2
3
/T

b
sp

 
(p

o
w

d
er

:

3
.8

 c
al

/g
m

)

3
0
/T

b
sp

 (
liq

u
id

)

C
ar

b
o
h
yd

ra
te

 f
ro

m
 g

lu
co

se
 p

o
ly

m
er

s;
 l
o
w

 e
le

ct
ro

ly
te

 l
ev

el

Po
ly

ca
l

N
u
tr

ic
ia

2
9
/T

b
sp

(3
.8

4
 c

al
/g

m
)

C
ar

b
o
h
yd

ra
te

 f
ro

m
 m

al
to

d
ex

tr
in

Pr
o
d
u
ct

s 
to

 a
d
d
 c

ar
b
o
h
yd

ra
te

 a
n
d
 f
at

D
u
o
ca

l

N
u
tr

ic
ia

4
2
/T

b
sp

(5
 c

al
/g

m
)

C
ar

b
o
h
yd

ra
te

 f
ro

m
 h

yd
ro

ly
ze

d
 c

o
rn

st
ar

ch
; 

fa
t 

fr
o
m

 c
o
rn

, 
co

co
n
u
t,

 M
C
T,

 o
il.

 1
 T

b
sp

 
p
ro

vi
d
es

 c
ar

b
o
h
yd

ra
te

 6
.2

 g
m

; 
fa

t 
1
.9

 g
m

S
p

e
ci

a
li

ze
d

 P
ro

d
u

ct
s:

 T
h
es

e 
fo

rm
u
la

s 
ar

e 
n
o
t 

n
u
tr

it
io

n
al

ly
 c

o
m

p
le

te

PF
D

 2
 (

fo
rm

er
ly

 P
ro

d
u
ct

 8
0
0
5
6
)

M
ea

d
 J

o
h
n
so

n

6
.9

/T
b
sp

Pr
o
te

in
/a

m
in

o
 a

ci
d
-f

re
e 

d
ie

t 
p
o
w

d
er

 w
it
h
 f

at
 f

ro
m

 s
oy

 o
il 

an
d
 c

ar
b
o
h
yd

ra
te

 f
ro

m
 

co
rn

 s
yr

u
p
, 

su
g
ar

, 
m

o
d
ifi

ed
 c

o
rn

st
ar

ch
; 

vi
ta

m
in

s 
an

d
 m

in
er

al
s 

ad
d
ed

Pr
o
d
u
ct

 3
2
3
2
A

M
ea

d
 J

o
h
n
so

n

5
0
0
/1

0
0
g

M
o
n
o
- 

an
d
 d

is
ac

ch
ar

id
e-

fr
ee

 p
o
w

d
er

; 
p
ro

te
in

 h
yd

ro
ly

sa
te

 f
o
rm

u
la

 b
as

e 
fo

r 
u
se

 
w

it
h
 a

d
d
ed

 c
ar

b
o
h
yd

ra
te

; 
p
ro

te
in

 f
ro

m
 c

as
ei

n
 h

yd
ro

ly
sa

te
; 

fa
t 

fr
o
m

 M
C
T,

 c
o
rn

 o
ils

; 
vi

ta
m

in
s 

an
d
 m

in
er

al
s 

ad
d
ed

Pr
o
-P

h
re

e

A
b
b
o
tt

5
2
0
/1

0
0
 g

Pr
o
te

in
/a

m
in

o
 a

ci
d
-f

re
e 

w
it
h
 f
at

 f
ro

m
 p

al
m

, 
co

co
n
u
t,

 s
oy

 o
ils

; 
ca

rb
o
h
yd

ra
te

 f
ro

m
 

h
yd

ro
ly

ze
d
 c

o
rn

st
ar

ch
; 

vi
ta

m
in

s 
an

d
 m

in
er

al
s 

ad
d
ed



394 Nutrition Interventions for Children With Special Health Care Needs

Appendix S

P
ro

d
u

ct
M

a
n

u
fa

ct
u

re
r

E
n

e
rg

y
 

(k
ca

l)
C

o
m

m
e
n

ts

Pr
o
V
iM

in

A
b
b
o
tt

3
1
2
/1

0
0
 g

N
o
 a

d
d
ed

 c
ar

b
o
h
yd

ra
te

 (
2
.0

 g
/1

0
0
 g

 p
o
w

d
er

);
 p

ro
te

in
 f

ro
m

 L
-a

m
in

o
 a

ci
d
s,

 c
as

ei
n
; 

fa
t 

fr
o
m

 c
o
co

n
u
t 

o
il;

 v
it
am

in
s 

an
d
 m

in
er

al
s 

ad
d
ed

R
C
F 

(R
o
ss

 C
ar

b
o
h
yd

ra
te

 F
re

e)

A
b
b
o
tt

8
1
/1

0
0
 g

Pr
o
te

in
 f
ro

m
 s

oy
, 

L-
am

in
o
 a

ci
d
s;

 f
at

 f
ro

m
 h

ig
h
 o

le
ic

 s
af

fl
o
w

er
, 

so
y,

 c
o
co

n
u
t 

o
ils

; 
vi

ta
m

in
s 

an
d
 m

in
er

al
s 

ad
d
ed

; 
co

n
ce

n
tr

at
ed

 l
iq

u
id

T
h

ic
k
e
n

in
g

 P
ro

d
u

ct
s

T
h
ic

k-
it
 

Pr
ec

is
io

n
 F

o
o
d
s

1
5
/T

b
sp

 (
4
 g

)
D

ys
p
h
ag

ia
/s

w
al

lo
w

in
g
 d

is
o
rd

er
s;

 m
ad

e 
fr

o
m

 m
o
d
ifi

ed
 c

o
rn

st
ar

ch
 a

n
d
 m

al
to

d
ex

tr
in

T
h
ic

k-
it
 2

Pr
ec

is
io

n
 F

o
o
d
s

2
0
/T

b
sp

 (
4
.8

 g
)

D
ys

p
h
ag

ia
/s

w
al

lo
w

in
g
 d

is
o
rd

er
s;

 m
ad

e 
fr

o
m

 m
o
d
ifi

ed
 c

o
rn

st
ar

ch
 

T
h
ic

k 
&

 E
as

y

H
o
rm

el
 H

ea
lt
h
 L

ab
s

1
5
/T

b
sp

 (
4
.5

 g
)

D
ys

p
h
ag

ia
/s

w
al

lo
w

in
g
 d

is
o
rd

er
s;

 m
ad

e 
fr

o
m

 m
o
d
ifi

ed
 f

o
o
d
 s

ta
rc

h
 (

m
ai

ze
) 

an
d
 

m
al

to
d
ex

tr
in

N
u
tr

aT
h
ik

H
o
rm

el
 H

ea
lt
h
 L

ab
s

2
0
/T

b
sp

 (
5
 g

)
D

ys
p
h
ag

ia
/s

w
al

lo
w

in
g
 d

is
o
rd

er
s;

 m
ad

e 
fr

o
m

 m
o
d
ifi

ed
 f

o
o
d
 s

ta
rc

h
 a

n
d
 m

al
to

d
ex

tr
in

; 
th

ic
ke

n
s 

si
m

ila
ry

 t
o
 T

h
ic

k 
an

d
 E

as
y 

b
u
t 

h
as

 1
9
 e

ss
en

ti
al

 v
it
am

in
s 

an
d
 m

in
er

al
s 

ad
d
ed

. 
O

n
e 

ta
b
le

sp
o
o
n
 p

ro
vi

d
es

 1
0
%

 o
f 

m
o
st

 n
u
tr

ie
n
ts

R
es

o
u
rc

e 
T
h
ic

ke
n
U

p

N
es

tl
e

1
5
/T

b
sp

D
ys

p
h
ag

ia
/s

w
al

lo
w

in
g
 d

is
o
rd

er
s;

 m
ad

e 
fr

o
m

 f
o
o
d
 s

ta
rc

h
 m

o
d
ifi

ed
 (

co
rn

)

S
im

p
ly

 T
h
ic

k

S
im

p
ly

 T
h
ic

k,
 L

LC

0
/p

ac
ke

t 
o
f 

h
o
n
ey

 o
r 

n
ec

ta
r 

st
yl

e

D
ys

p
h
ag

ia
/s

w
al

lo
w

in
g
 d

is
o
rd

er
s;

 m
ad

e 
fr

o
m

 w
at

er
, 

xa
n
th

an
 g

u
m

, 
ci

tr
ic

 a
ci

d
, 

so
d
iu

m
 

b
en

zo
at

e 
(p

re
se

rv
at

iv
e)

, 
an

d
 p

o
ta

ss
iu

m
 s

o
rb

at
e 

(p
re

se
rv

at
iv

e)

H
yd

ra
-a

id

Li
n
ks

 M
ed

ic
al

 P
ro

d
u
ct

s,
 I

n
c

0
/p

ac
ke

t 
n
ec

ta
r 

st
yl

e

5
/p

ac
ke

t 
h
o
n
ey

 
st

yl
e

D
ys

p
h
ag

ia
/s

w
al

lo
w

in
g
 d

is
o
rd

er
s;

 m
ad

e 
fr

o
m

 w
at

er
, 

xa
n
th

u
n
 g

u
m

, 
ci

tr
ic

 a
ci

d
, 

so
d
iu

m
 

b
en

zo
at

e 
an

d
 p

o
ta

ss
iu

m
 s

o
rb

at
e

R
ic

e 
ce

re
al

1
0
/T

b
sp

T
h
ic

ke
n
s 

liq
u
id

s;
 i
n
ex

p
en

si
ve

Ta
p
io

ca
3
6
/T

b
sp

T
h
ic

ke
n
s 

liq
u
id

s;
 i
n
ex

p
en

si
ve

; 
m

u
st

 b
e 

h
ea

te
d
 t

o
 a

tt
ai

n
 t

h
ic

ke
n
in

g
 p

ro
p
er

ti
es



Nutrition Interventions for Children With Special Health Care Needs 395

Appendix S

P
ro

d
u

ct
M

a
n

u
fa

ct
u

re
r

E
n

e
rg

y
 

(k
ca

l)
C

o
m

m
e
n

ts

P
ro

d
u

ct
s 

to
 A

d
d

 F
ib

e
r

U
n
iF

ib
er

A
la

ve
n
 P

h
ar

m
ac

eu
ti
ca

ls

4
/T

b
sp

Po
w

d
er

ed
 p

ro
d
u
ct

 f
ro

m
 c

el
lu

lo
se

, 
co

rn
 s

yr
u
p
 s

o
lid

s,
 x

an
th

an
 g

u
m

; 
d
o
es

 n
o
t 

fo
rm

 a
 

g
el

 w
h
en

 m
ix

ed
 w

it
h
 l
iq

u
id

; 
1
 T

b
sp

 c
o
n
ta

in
s 

3
 g

 fi
b
er

B
en

efi
b
er

, 
in

st
it
u
ti
o
n
al

 a
n
d
 r

et
ai

l

N
es

tl
e

1
6
/T

b
sp

 
(i

n
st

it
u
ti
o
n
al

)

2
0
/T

b
sp

 (
re

ta
il)

Po
w

d
er

ed
 p

ro
d
u
ct

 f
ro

m
 g

u
ar

 g
u
m

 (
in

st
it
u
ti
o
n
al

),
 w

h
ea

t 
d
ex

tr
in

 (
re

ta
il)

; 
1
 T

b
sp

 (
4
 

g
ra

m
s)

 c
o
n
ta

in
s 

3
 g

ra
m

s 
fi
b
er

 (
in

st
it
u
ti
o
n
al

),
 4

.5
 g

ra
m

s 
fi
b
er

 (
re

ta
il)

; 
al

so
 a

va
ila

b
le

 
in

 j
u
ic

e 
ve

rs
io

n

M
et

am
u
ci

l

Pr
o
ct

o
r 

&
 G

am
b
le

1
4
/7

 g
Po

w
d
er

ed
 p

ro
d
u
ct

 f
ro

m
 p

sy
lli

u
m

 h
u
sk

; 
1
 t

sp
 (

o
ri
g
in

al
 t

ex
tu

re
 r

eg
u
la

r)
 c

o
n
ta

in
s 

3
.4

 
g
ra

m
s 

fi
b
er

.



396 Nutrition Interventions for Children With Special Health Care Needs

Appendix S

Contact Information
Abbott Laboratories, Ross Products Division
Product information at http://abbottnutrition.com/
1-800- 227-5767; M - F, 8:30 a.m. to 5 p.m. EST:
Columbus, OH

Alaven Pharmaceuticals
Toll free: 888-317-0001 x10122
Product information at http://www.unifiber.com
Marietta, GA 30067

Hormel Health Labs
Product information at http://hormelhealthlabs.com
Savannah, GA 
1-800-866-7757

Links Medical Products, Inc
Product information at http://www.linksmed.com
Irvine, CA
1-888-425-1149

Mead Johnson Nutritionals
Product information at http://www.meadjohnson.com
Phone: 812/429-5000; M-F 7:30-4:00, Central Time
Toll Free: 800/BABY-123

Metamucil Products
Proctor and Gamble
Product information at http://www.metamucil.com

Precision Foods (Thick It and Thick It 2)
Toll Free: 800/442-5242 x258
Product information at http://www.thickitretail.com
St Louis, MO

Nestle Nutrition
Product information at http://nestlenutrition.com/us
Toll Free: 800/422-ASK2 (2752)
Minnetonka, MN

Nutricia International, North America
Product information at http://www.nutricia-na.com
Toll Free: 800-365-7354
Gaithersburg, MD 

Vitaflo USA
Product information at http://www.vitaflousa.com
1-888-VITAFLO
Huntington, NY
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increasing energy density of infant 
Formula
Lori Brizee, MS, RD, CSP, LD
Updated by Susan Casey, RD, CD

General Considerations
It is generally safe to concentrate infant formulas to 24 kcal/oz (0.8 kcal/mL) and to 

add modular carbohydrate and/or fat products to increase up to 30 kcal/oz (1 kcal/

mL). Modular products are used to increase energy content of formula. It is very 

important that addition of energy sources does not over “dilute” the protein, vitamin, 

and mineral concentrations of formula. For example: 

An infant with a fluid restriction of 120mL/kg, given a standard 

infant formula concentrated to 24 kcal/oz, and further fortified with 

carbohydrate and fat to 30 kcal/oz, will receive 120 kcal/kg, but only 

2.0 g protein/kg (goal is 120 kcal/kg and 2.2‑3.0 gm protein/kg). By 

concentrating the formula to 28 kcal/oz, and adding carbohydrate to 

30 kcal/oz, the infant will receive 120 kcal/kg and 2.3 g protein/kg in 

120 mL formula/kg.

Whenever formula concentration is increased, an infant should be monitored 

regularly to ensure tolerance of formula and adequacy of hydration, as well as to 

determine continued need for more energy dense formula.

A common myth about adding fat is that MCT (medium chain triglyceride) oil is 

the best product to use. This product is intended for individuals who cannot digest 

and absorb long chain fats (e.g. with short bowel syndrome). It is also an excellent 

product for very small premature infants with immature digestive tracts; but by 

the time these infants are ready to be discharged from the hospital, most are able 

to tolerate long chain fats quite well. If increased fat is needed, it can be added in 

the form of Micro‑Lipid®†(emulsified safflower oil, regular safflower or corn oil, or 

Duocal®‡ (carbohydrate and fat). MCT oil is very expensive and is more difficult to 

mix into formulas than other fat sources.
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Powdered Formulas
Accuracy in measuring powdered formulas is a major concern, especially when alter‑

ing energy density. Traditionally, powdered infant formulas have been assumed to 

contain 40 kcal/Tbsp, and many people have assumed that a scoop is equal to 1 

Tablespoon. These assumptions are not necessarily true.

Prior to writing these original guidelines in 2001, two clinical dietitians at Seattle 

Children’s Hospital, Seattle, WA, did an informal study to evaluate traditional meth‑

ods of preparing powdered formulas.

Study Methods

Tablespoons were measured and weighed for 8 different formulas. Cups and scoops 

were measured and weighed for 6 of these formulas. Measurements were done using 

Good Cook® plastic measuring tablespoons and cups, and the scoops included in the 

formula cans. Weights were done on a pharmacy scale (accurate to 0.0001 gram) 

and were recorded to the nearest 0.1 gram. The formulas measured were Similac 

with Iron,®* Similac Neosure,®* Isomil,®* Similac PM 60/40,®* Enfamil with Iron,®† 

Prosobee,®† Pregestimil,®† and Nutramigen.®† Five measurements were done for 

each formula using a tablespoon or a scoop, and three measurements were done 

with a cup. Formula powders were measured “packed” or “not packed” according to 

manufacturers’ directions. The average tablespoon, cup and scoop weight of each 

formula was used to calculate kcal/Tbsp and kcal/scoop.

Results

The weight of a tablespoon of formula varied by 5‑10% for each formula and that of 

a scoop varied by 3‑10% for each formula. The weights of a cup of formula varied 

by <5% for each formula. The average energy value of 1 Tbsp of formula, measured 

with a measuring tablespoon, varied from 33.0 to 43.8 kcal. The average energy 

value of 1 Tbsp formula, measured with a measuring cup, varied from 30.3 to 40.2 

kcal/Tbsp. The average energy value of one scoop of formula varied from 40.5 to 

50.9 kcal.

*Abbott
†Mead Johnson
‡Nutricia
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Conclusions
Assumptions that one tablespoon of infant formula is equal to a scoop and that each 

contains 40 kcal are not true. Depending on how we prepare “20 kcal/oz” formula, 

we can get anywhere from 15.2 to 22.8 kcal/oz. (Possible methods of preparation: 1 

scoop added to 2 oz of water to make 2.2 oz, or 1 tablespoon plus water to make 2 

oz, or 1 cup + water to make 32 oz.) This is not an issue for healthy, normally grow‑

ing infants, but it could be an issue for infants who have atypical growth and/or who 

need altered formulas.

Recommendations
When accuracy in measurement is imperative, liquid concentrate formulas are the 

first choice; if powders must be used, they should be weighed on a gram scale, accu‑

rate to the nearest 0.5 gram. Energy value of 1 gram of formula should be calculated 

by taking the total energy value for 1 can of formula (total ounces formula made 

per can x kcal/oz = total energy value for 1 can of formula) and divide by the grams 

formula powder in the can.

For example: A 400 g can Similac with Iron® Powder makes 105 

oz of 20 kcal/oz formula. 105 oz x 20 kcal/oz = 2100 kcal/can; 

2100 kcal/400gm = 5.25 kcal/gm formula powder.

If powders must be used, and a scale is not available, use the instructions given by 

the formula producer to increase the energy density of formula. Most formula manu‑

facturers have written instructions for making altered caloric concentrations of their 

formulas. Contact the formula company representatives for this information (provid‑

ed on formula containers; some contact information is provided in Appendix S).

Guidelines for increasing the energy density of liquid concentrate formulas are pro‑

vided in Table T‑1.
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nutrition Resources
Betty Lucas, MPH, RD, CD and
Beth Ogata, MS, RD, CSP, CD

Children with Special Health Care Needs
NUTRITION FOCUS for Children with Special Health Care Needs. Newsletter 

published six times annually. Each newsletter focuses on a specific disorder 

or condition and includes practical strategies and resources for health care 

professionals. Back issues are available. $38 per year.

Nutrition Focus Newsletter
Center on Human Development and Disability University of Washington
Box 357920
Seattle WA 98195-7920
(206) 685-1297
http://depts.washington.edu/chdd/ucedd/ctu_5/nutritionnews_5.html

Children with Special Health Care Needs: Nutrition Care Handbook. (2005) 

Lucas B, ed. Pediatric Nutrition Practice Group and Dietitians in Developmental and 

Psychiatric Disorders Practice Group of the American Dietetic Association. A 180-page 

reference for health care professionals monitoring the nutrition care of children with 

special health care needs. $30.50, plus shipping (ADA Members), $40, plus shipping 

(non-members)

American Dietetic Association
http://eatright.org/cps/rde/xchg/ada/hs.xsl/shop_1292_ENU_HTML.htm 

Self-study Curriculum - Nutrition for Children with Special Health Care Needs. 
(2008) Pacific West Distance Learning Network. This continuing education activity is 
designed for RDs and other health care professionals who see children with special 
health care needs as part of their clinical practices. The curriculum consists of six 
modules; each module is approved for 1 CEU from the ADA/CDR. It can be accessed 
free-of-charge; continuing education credits $10 per CEU. 

http://depts.washington.edu/pwdlearn/web

Pediatric Nutrition in Chronic Diseases and Developmental Disorders. 2nd Ed. 

(2005) Ekvall SW, Ekvall VK. Oxford University Press, Inc. A review of growth and 

nutrition for children with chronic diseases and developmental disabilities. Attention 

is given to assessment of nutritional status, as well as to diagnosis-specific issues. 

532 pages. $99, plus shipping and handling.

Oxford University Press, Inc.
http://www.oup.com/us
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Nutrition Strategies for Children with Special Health Care Needs. (1999) Baer 

MT, Tanaka TL, Blyler EM. A manual developed to assist programs serving children 

with special health care needs to include nutrition as a provided service. Includes 

nutrition screening forms; food guidelines for children 0-18 years; and information, 

strategies, and handouts for various nutrition concerns. $40 (with binder) $30 

(without binder), plus $5 shipping and handling. Also available online, as a pdf: 

http://uscucedd.org/index.php?option=com_content&view=article&id=82&Ite
mid=148

Feeding and Nutrition for the Child with Special Needs: Handouts for 

Parents. (1994) Klein MD and Delaney T. Therapy Skill Builders. A 601-page manual 

of 195 reproducible handouts on nutrition and feeding issues. Topics include nutrition 

guidelines, breast and bottle-feeding, introducing food from a spoon, independent 

feeding, oral-motor treatment strategies, tube feeding, and family mealtime. $104, 

plus shipping and handling. Item No. 076164332X

Harcourt Assessment, Inc.
(800) 211-8378
http://harcourtassessment.com/haiweb/cultures/en-us/productdetail.
htm?pid=076-1643-32X

Pre-Feeding Skills: A Comprehensive Resource for Feeding Development. 

(2000) Morris S and Klein M. Therapy Skill Builders. A practical manual for feeding 

assessment and intervention. $79.95, plus shipping and handling. ISBN: 076-1674-

071

Harcourt Assessment, Inc.
(800) 211-8378
http://harcourtassessment.com/haiweb/cultures/en-us/productdetail.
htm?pid=076-1674-071

Feeding and Swallowing Disorders in Infancy: Assessment and Management.

(1992) Wolf LS and Glass RP. Addresses the diagnosis, evaluation, treatment, and 

follow-up of infants with varying types of feeding dysfunction. $85, plus shipping and 

handling. Item No. 0761641904

Harcourt Assessment, Inc.
(800) 211-8378
http://harcourtassessment.com/haiweb/cultures/en-us/productdetail.
htm?pid=076-1641-904

Handbook for Children with Special Food and Nutrition Needs. (2006) National 

Food Service Management Institute. Cloud HH, Bomba A, Carithers T, Tidwell D. The 

purpose of this resource is to identify developmental disabilities and other health 

care needs that are frequently seen among children served by food service and 

provide information related to the type of intervention indicated. Regulations related 

to school food service are reviewed, and resources are included. It is available online 

as a pdf: 

http://www.nfsmi.org/documentLibraryFiles/PDF/20080213015556.pdf
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General Pediatric Nutrition
Pediatric Manual of Clinical Dietetics, 2nd ed. (2003) This American Dietetic 

Association. A nutrition care resource for health care professionals. The manual 

presents guidelines for nutrition assessment and care for a general pediatric 

population, as well as for a variety of specific conditions. $105.50 ADA members, 

$133 non-members.

American Dietetic Association
216 W Jackson Blvd
Chicago, IL 60606-6995
(800) 877-1600 x5000, Fax: (312) 899-4899
http://www.eatright.org/cps/rde/xchg/ada/hs.xsl/shop_1278_ENU_HTML.thm

An update pack for the 2nd edition is also available ($25, ADA members, 32.50, non-

members). 

http://www.eatright.org/cps/rde/xchg/ada/hs.xsl/shop_14407_ENU_HTML.
htm

Handbook of Pediatric Nutrition, 3rd ed. (2005) Samour et al. Jones and Bartlett 

Publishers A clinical reference manual on pediatric nutrition for the health care 

practitioner. Provides an overview of normal growth and nutrition needs for infants 

to adolescents and addresses therapeutic issues for a variety of chronic and acute 

conditions. 750 pages. $95.95 plus shipping and handling.

http://www.jbpub.com/

Bright Futures in Practice: Nutrition, 2nd edition (2002). Story M, Holt K, Sofka 

D, eds., National Center for Education in Maternal and Child Health. The nutrition 

guide emphasizes prevention and early recognition of nutrition concerns and provides 

developmentally appropriate nutrition supervision guidelines for infancy through 

adolescence. The publication is out of print, but pdf files of the material can be 

downloaded. Additional resources, educational materials, and a pocket guide are also 

available.

http://www.brightfutures.org/nutrition/

Additional Bright Futures resources are listed on the Bright Futures at 

Georgetown University website. Links to educational materials, training materials, 

and other tools related to Bright Futures are listed, including: Social and Emotional 

Development, Mental Health, Oral Health, and Physical Activity.

http://www.brightfutures.org/georgetown.html 

Knowledge Path: Child and Adolescent Nutrition. National Center for Education 

in Maternal and Child Health (NCEMCH). A selection of current, high-quality 

resources and tools are compiled on this website. It is aimed at health professionals, 

program administrators, and researchers.

http://www.mchlibrary.info/KnowledgePaths/kp_childnutr.html
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ADA Pocket Guide to Nutrition Assessment. (2008). Leonberg B. American 

Dietetic Association. This tool is a guide to nutrition assessment and nutrient 

requirements of infants and children, including screening and risk assessment and 

assessment of growth, health history and development, diet and feeding, and the 

family environment. $33 ($25.50 for ADA members), plus shipping.

http://www.eatright.org/cps/rde/xchg/ada/hs.xsl/shop_14406_ENU_HTML.
htm

Pediatric Nutrition Handbook, 6th ed. (2009). American Academy of Pediatrics. A 

reference on the nutritional requirements and the effects of nutrition on the health of 

infants, children, adolescents, and young adults. $84.95, plus shipping. 

American Academy of Pediatrics 
http://www.aap.org 
www.aap.org/bookstore

How to Get Your Kid to Eat…But Not Too Much. (1987) Ellyn Satter. Bull 

Publishing. Discusses the impact of child development and parent-child relationships 

on feeding dynamics from infancy to adolescence. $16.95

Child of Mine, Feeding with Love and Good Sense. (2000) Ellyn Satter. Bull 

Publishing. A nutrition and feeding reference book for parents of children under six 

years of age. $16.95

Bull Publishing, (800) 676-2855
http://www.bullpub.com
Also available in most bookstores

Secrets of Feeding a Healthy Family (1999) Ellyn Satter. Kelcy Press. Describes 

the steps involved in planning and preparing healthy meals and snacks for the entire 

family. $19.95

Ellyn Satter Associates
4226 Mandan Crescent, Ste. 50
Madison, WI 53711-3062
(800) 808-7976
http://www.ellynsatter.com
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504 
Accommodation 
Plan

a document outlining the plan for a child who requires 
health related services (including modified meals) at 
school, but is not enrolled in a special education program; 
mandated by the Rehabilitation Act of 1973

Achondroplasia an inherited problem with the growth of cartilage in the 
long bones and skull; characterized by short stature

Acromion the outer part of the scapula; forms the “point of the 
shoulder” and connects with the collarbone

ADA Americans with Disability Act, 1990; legislation intended to 
protect persons with disabilities from discrimination

AGA (appropriate for gestational age) refers to an infant whose 
birth weight is between the 10th and 90th percentiles for 
age

Anthropometry the science of measuring the human body, including 
height, weight, and size of different parts; also called 
“anthropometric measurement”

Antibiotic a medication that inhibits the growth of microorganisms; 
used to treat infections

Anticonvulsant a medication used to prevent or minimize the occurrence 
or severity of seizures

Antidepressant a medication that prevents or relieves depression

Anti-inflammatory a medication that reduces swelling, redness, heat and pain

Antispasmodic a medication that prevents muscle spasms in certain 
muscles, including in the digestive system and urinary tract

Arm span

Applied behavior 
analysis (ABA)

the distance between a child’s extended right and left 
middle fingers, measured across the back; sometimes used 
as an estimator of stature (length or height)

the science of applying experimentally derived principles of 
behavior to improve socially significant behavior; identified 
behaviors are observed and measured, then analyzed, and 
appropriate interventions are implemented

Aspiration inspiratory sucking into the lungs of foreign material, 
including food and liquid

Atonic seizures seizures characterized by loss of all muscle function
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Autism Spectrum 
Disorders

a broad category of developmental disorders, including 
Autistic Disorder, Asperger’s Disorder, Pervasive 
Developmental Disorder Not Otherwise Specified (PDD-
NOS), Rett’s Disorder, and Childhood Disintegrative 
Disorder; diagnostic criteria include communication 
problems, ritualistic behaviors, and inappropriate social 
interaction

Body mass index 
(BMI)

an indicator of weight and stature proportionality; BMI = 
weight / height2 (kg/m2)

Bolus feeding a term used in nutrition support that indicates a 
feeding administered at one time, typically delivered by 
gastrostomy or nasogastric tube

BPD bronchopulmonary dysplasia; a chronic lung disorder 
that is most common among children who were born 
prematurely, with low birth weights, and who received 
prolonged mechanical ventilation; nutritional consequences 
can include feeding difficulties, slow growth, and increased 
energy needs

Calipers an instrument with two hinged jaws used for measuring 
the thickness or diameter of an object 

Catch-up growth rate of growth that is faster than expected, seen when 
a child who has experienced stunted growth due to a 
nutritional insult receives adequate energy and protein

CDC Centers for Disease Control and Prevention; published CDC 
Growth Charts: United States 2000 for infants and children 
0-36 months and children 2-20 years, with data from 
NHANES

Cerebral palsy 
(CP)

a motor nerve disorder caused by injury to the central 
nervous system; symptoms depend on the area of the 
brain involved and the severity of the damage; major 
types include spastic, athetoid, and ataxic quadriplegia or 
diplegia

Chronic lung 
disease of infancy 
(CLD)

a suggested term to describe infants who continue to have 
significant pulmonary dysfunction at 36 weeks gestational 
age

Chronic renal 
failure (CRF)

less than 25% renal function; may be due to congenital 
anatomical defects, inherited disease, untreated kidney 
infections, physical trauma or exposure to nephrotoxic 
chemicals

Chronic renal 
insufficiency (CRI)

less than 50% renal function; a progressive disorder than 
can lead to chronic renal failure
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Chronological age the age of an infant stated as the amount of time since 
birth; also called postnatal age

Congenital heart 
disease (CHD)

cardiovascular defects that are present at birth; often leads 
to congestive heart failure; children with CHD are at risk 
for problems with growth because of increased energy 
needs and decreased intake and absorption

Constipation typically characterized as infrequent bowel movements or 
incomplete emptying of the bowel; symptoms can include 
a hard stool, straining at stool, a feeling of fullness or 
pressure, and nausea

Continuous drip 
feeding

a term used to describe a method of tube feeding where 
formula is delivered at a constant rate, throughout the day 
(typically for 20-24 hours per day) or overnight (typically 
8-10 hours at night)

Contracture static muscle shortening resulting from tonic spasm or 
fibrosis; frequently seen in individuals with cerebral palsy

Corrected age age from birth, less the number of weeks premature; 
e.g., an infant born at 32 weeks gestation is born 8 weeks 
before term; at 12 weeks from birth, this infant’s corrected 
age is 4 weeks. 

Crown rump length between a child’s head and buttocks, sometimes 
used as an estimator of length

Cystic fibrosis (CF) an inherited disorder of the exocrine glands, primarily 
the pancreas, pulmonary system, and sweat glands, 
characterized by abnormally thick luminal secretions

Diarrhea the sudden increase in frequency and looseness of stools

Diuretic a medication that promotes the excretion of urine, 
primarily through effects on the renal system 

Down syndrome trisomy 21; a genetic disorder in which an individual has 
an extra 21st chromosome; typically characterized by low 
muscle tone, cardiac problems, GI malformations, and a 
characteristic facial appearance

DRI dietary reference intake; reference intakes established 
by the Institutes of Medicine; include estimated average 
requirements, recommended dietary allowances, adequate 
intake levels, and tolerable upper intake levels
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Early intervention 
services 

established by Part H of P.L. 97-457 of 1986 (now Part C 
of the IDEA of 1997); community- based therapeutic and 
educational services for infants and children under 3 years 
of age with developmental delays

ELBW extremely low birth weight; refers to an infant weighing 
less than or equal to 1000 grams (2.2 pounds) at birth

Encopresis incontinence of feces not due to organic defect or illness

Failure to thrive refers to slowed rate of growth, usually describes weight 
loss, decreased rate of weight gain and/or decreased linear 
growth; also called undernutrition, delayed growth, growth 
faltering, and failure to grow

Gag reflex a normal reflex triggered by touching the soft palate or 
back of the throat that raises the palate, retracts the 
tongue, and contracts the throat muscles; protects the 
airways from a bolus of food or liquid

Galactagogue Substance that is ingested (foods, herbs, medications, 
etc), which has the effect of increasing breastmilk supply 
(induces lactation) 

Gastroesophageal 
reflux (GER) 

regurgitation of the contents of the stomach into the 
esophagus, where they can be aspirated; often results 
from a failure of the esophageal sphincter to close; 
commonly leads to feeding problems in infants and children 
with neuromuscular disorders

Gastroschisis a birth defect of incomplete closing of the abdominal wall

Gastrostomy tube a feeding tube surgically placed through an opening from 
the abdomen to the stomach; tubes can also be placed 
endoscopically

Gestational age the age of a fetus or a newborn, usually stated in weeks 
from the first day of the mother’s last menstrual period

Hypersensitivity abnormal sensitivity, exaggerated response by the body to 
a stimulus, such as taste, touch, or smell

Hypoxemia an abnormal absence of oxygen in the blood; symptoms 
include increased blood pressure, tachycardia, coma, and 
an increase in cardiac output that later falls; persistent 
hypoxemia can lead to feeding problems and poor growth
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ICF International Classification of Functioning, Disability and 
Health is the framework developed by the World Health 
Organization for measuring health and disability at both 
individual and population levels. 

IDEA Individuals with Disabilities Education Act; provides a 
definition of “disability” and mandates services, such as 
Early Intervention Programs (Part C), for children with 
disabilities; originally implemented in 1975 and revised in 
1997

IEP individualized education plan; a contract between the 
school system and the student/family that outlines specific 
educational plans and goals, as well as actions and a 
timeline for implementation that can include plans for 
special health care needs; in place for all children over age 
3 years enrolled in special education programs

IFSP individualized family service plan; a document that 
outlines specific educational plans and goals, actions, and 
a timeline for implementation that can include plans for 
special health care needs; in place for all children under 
age 3 years enrolled in early intervention programs

Impaction the presences of a large, hard mass of stool in the rectum 
or colon

Intussusception the “sinking” of one part of the bowel into the next; 
blockage may include the small intestine, colon, or ileus; 
surgery is required to clear the blockage

IUGR intrauterine growth retardation; development of the fetus 
is delayed relative to gestational age

Jejunal feeding 
tube

a feeding tube that delivers formula to the jejunum portion 
of the small intestine; can be placed in the jejunum 
through an opening in the abdomen or placed in the 
stomach and passed through the pyloric sphincter into the 
jejunum

Knee height the distance from the top of the patella to the bottom 
of the foot; sometimes used as an estimator of stature 
(length or height)

Laxative an agent that promotes bowel movement by increasing 
the bulk of the feces, softening the stool, or lubricating the 
intestinal wall

LBW low birth weight; refers to an infant weighing less than or 
equal to 2500 grams (5.5 pounds) at birth
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Length 
(recumbent 
length)

appropriate measure of stature for children under age 3 
years; measurement should be done on a length board 
with a fixed headboard and moveable foot board; infant or 
child should be nude or without diaper

Length board a piece of equipment used to measure the recumbent 
length of infants and young children; many length boards 
have a fixed headboard and moveable foot board

LGA large for gestational age; refers to an infant whose birth 
weight is greater than the 90th percentile for age

Medium chain 
triglycerides (MCT) 

triglycerides with eight to ten carbon atoms. MCTs do not 
require bile for digestion and are usually easily digested

Megacolon abnormal widening of the colon that may be inborn or may 
result from chronic constipation or obstipation

Midarm muscle 
circumference 

measurement used to aid in the estimation and 
assessment of muscle mass; calculated by subtracting the 
triceps skinfold measurement from the circumference of 
the mid upper arm 

Midparent height also known as parent- specific adjustment for evaluation 
of length and stature, a calculation to estimate a child’s 
eventual height, based on the height of his/her parents

Myoclonic seizures seizures that are brief, involuntary muscle jerks

Nasogastric 
feeding 

a form of enteral nutrition support; a tube runs through 
the nose into the stomach; usually used temporarily (e.g., 
less than 3 months)

Necrotizing 
enterocolitis 

a sudden inflammatory bowel disorder that occurs 
primarily in premature or LBW infants; causes blood to 
move away from the gastrointestinal tract, resulting in 
necrosis with bacterial invasion of the intestinal wall

Nephrocalcinosis an abnormal condition of the kidneys in which deposits of 
calcium form in the filtering units

NHANES National Health and Nutrition Examination Survey; a series 
of periodic surveys that collects height, weight, and other 
health information on the American population; data from 
NHANES was used to construct the 2000 CDC Growth 
Charts: United States.

Noonan syndrome sometimes called the “male Turner’s syndrome,” a disorder 
marked by short stature, congenital heart disease, webbing 
of the neck, and characteristic cranio- facial features; 
equally common in males and females
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Obstipation constipation caused by a blockage, resulting in an 
accumulation of stool with the development of colon 
distension; leads to fecal impaction

Oliguria a reduced ability to make and excrete urine, usually <500 
mL/day

Opportunistic 
infection 

an infection caused by microorganisms not usually 
harmful; infection occurs because of lowered resistance; 
e.g., by disease or by medications

ORT oral rehydration therapy; treatment in which patients who 
are dehydrated are given essential fluids by mouth to 
correct imbalances of water, glucose, and electrolytes

Osteopenia decreased calcification or bone density

Parenteral 

nutrition 

nutrition maintained by intravenous injection or other non- 
gastrointestinal route

PDA patent ductus arteriosus; an abnormal opening between 
two arteries (pulmonary artery and aorta) caused by the 
fetal blood vessel (ductus arteriosus) failing to close after 
birth

Prader Willi 

syndrome 

a genetic disorder marked by hypotonia, short stature, 
hyperphagia, and cognitive impairment; when not carefully 
managed, characterized by obesity

Preterm infant an infant born at less than 36 weeks gestation

RDA Recommended Dietary Allowance; the average daily 
dietary intake level that is meets the nutrient requirements 
of nearly all healthy individuals

Refractory 

seizures 

seizures that cannot be controlled with treatment

Reinforcer an individually designed consequence that is generally 
intended to increase the behavior that precedes it

SBS short bowel syndrome; a loss of area in the intestine that 
causes malabsorption

SGA small for gestational age; refers to an infant whose birth 
weight is less than the 10th percentile for age

Sitting height length between a child’s head and buttocks, sometimes 
used as an estimator of height
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Stadiometer moveable headboard attached to a measuring board, used 
to measure standing height

Stimulant an agent that speeds up a body system

Triceps skinfold measurement of the skin and subcutaneous fat layer 
around the triceps muscle, used with arm circumference 
measurement to estimate fat and muscle stores

Turner syndrome a disorder in females marked by the absence of one X 
chromosome; typically characterized by ovarian failure, 
genital tissue defects, heart and circulation problems, and 
short stature

VFSS videofluoroscopic swallowing study; a radiologic procedure 
used to evaluate the swallowing mechanism; foods are 
mixed with barium and feeding is recorded and observed

VLBW very low birth weight; refers to an infant weighing less 
than 1500 grams (3.3 pounds) at birth

Volvulus a twisting of the bowel that causes intestinal blockage

WIC USDA Supplemental Nutrition Program for Women, Infants, 
and Children; a federally- funded community program that 
provides foods, infant formula, and nutrition education to 
pregnant women, infants and children under 5 years of 
age, and breastfeeding mothers

Williams syndrome a congenital disorder characterized by distinctive 
facial features, growth and developmental delays, 
varying degrees of learning disabilities, and sometimes 
hypercalcemia in infancy
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A
AA. See amino acids

ABA. See applied behavior analysis

ABC charting  108

ABC Worksheet  116

abdominal
distension  71
pain  71

ability to latch. See breast feeding

abnormal oral-motor patterns  93

achondroplasia  33, 303

acromion process  27

ADA. See Americans with Disabilities Act

Adderall  61. See also dextroamphetamine

ADHD. See Attention Deficit Hyperactivity Dis-
order

adult-child interaction  101

aerobic  38

Aldactone. See spironolactone

allergy  139

American Academy of Pediatrics  73

American College of Sports Medicine  39

Americans with Disabilities Act  137

amino acid disorders  240

amino acids  370

amitriptyline  66

amoxapine  66

anaerobic  38

Anafranil. See clomipramine

anal stenosis  71

Ancef. See cefazolin

antecedent  108

anthropometer  31

Anthropometric Equipment  279

anthropometry  13

antibiotics  62, 66

anticholinergics  72

anticonvulsant medications  59, 64, 249

antidepressants  66

anti-gastroesphageal reflux disease  67

anti-inflammatory medications  62

antispasmodic medications  63, 67

appetite  61
decreased  85
depressed  61
increased  62

applied behavior analysis  113, 267

arm span  16, 19, 31
equipment for measurement  20
technique for measurement  20

Asendin. See amoxapine

Asperger’s Disorder  263

aspiration  73, 348

asthma  41, 62
management  41

Asulfidine. See sulfasalazine

atlantoaxial instability  42

Attention Deficit Hyperactivity Disorder  61

atypical growth  13

Autism Spectrum Disorders  263–274, 268–274, 
271–274, 381

automexetine  61

Aventyl. See nortriptyline

aversive conditioning  101, 103, 106

B
baclofen  67

bacterial overgrowth  230

BCT. See bone cortical thickness

beam balance scale  21

behavior
anaylst, role of  101
concerns  101
interactions  98
intervention  110
self-injurious  107

Index
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specialist  98
target  108

Binky trainer  55

bladder instability  63

BMI. See Body Mass Index

body mass index  13, 23, 143

bolus feeding  347, 360

bone cortical thickness  265

bone density  65

bowel rest  83

BPD. See bronchopulmonary dysplasia

bran, unprocessed  78

BRAT diet  83

breast feeding  51
ability to latch  52
contraindications  53
intake

pre-post weight  52
low milk supply  54
nutrition interventions  54
premature infants  169

breast milk  51, 83
expressed  53
pumped  51

bronchopulmonary dysplasia  177

C
calipers  26

Campylobacter  82

carbamazepine  60, 64

carbohydrate
complex  83
disorders  243
intolerance  85

carbohydrate (dextrose)  370

cardiac  151, 153, 166

cardiac defects  61

cardiopulmonary stress  351

carnitine deficiency  61

Cascara  75

catch-up growth  150, 179

CDC. See Centers for Disease Control

CDC growth charts  13, 150

cefazolin  66

Cefizox. See ceftizoxime

Cefotan. See cefotetan

cefotaxime  66

cefotetan  66

ceftizoxime  66

ceftriaxone  66

celiac disease  85

Centers for Disease Control  23

Cephulac  76

cerebral palsy  16, 33, 42, 77, 381

cerebral palsy-quadriplegia  311–318

CF. See cystic fibrosis

CHD. See congenital heart disease

CHF. See congestive heart failure

Childhood Disintegrative Disorder  263

choking  96

cholecystokinin release  75

chronic kidney disease  215

chronic lung disease  61, 177, 178, 191

Chronulac  75, 76

chylothorax  204

Citrucel  75

CKD. See chronic kidney disease

Claforan. See cefotaxime

classical conditioning  102

classification of three domains of human function-
ing. See also ICF

CLD. See chronic lung disease

clear liquid diet  83

cleft palate  93

clogged feeding tube  366

clomipramine  66

codeine  72

cognitive-behavioral approach  113

Colace  75

commercial nutrition products  385

conditioning
aversive  103, 106
classical  102
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operant  102

conditioning program  43

congenital heart disease  166, 177, 203

congestive heart failure  203

consequence  108

constipation  71, 365
causes  71
chronic  71

treatment of  72
management  71
nutrition interventions  77

contingent attention  111

continuous drip  347, 360

contractures of the upper extremities  20

corn syrup  74

corrected age  166

corticosteroids  62, 65, 86
inhaled  62

cow milk protein
allergy  72
sensitivity  90

Crohn’s disease  85

crown-rump  16, 18, 31

Cylert. See pemoline

cystic fibrosis  85, 89, 191, 383

D
Dantrium. See dantrolene

dantrolene  67

decreased absorption of calcium and phosphorus  
62

decreased bone mineral density  62

dehydration  81
assessment of  82

dental problems  93

Depakene/Depakote. See valproic acid

desipramine  66

developmental delays  1, 151, 166

Developmental Sequence of Oral-Motor and Self-
Feeding Skills  96

dexamethasone  65

Dexedrine. See dextroamphetamine

dextroamphetamine  61, 64

diabetes
type 2  41

Diamox. See thiazides

diarrhea  59, 62, 81, 364
acute  81

causes of  81
feeding during  83
nutrition interventions for  87

chronic  85
causes of  85
nonspecific  85
nutrition interventions for  89
treatment of  86

osmotic  84

diastolic blood pressure  223

diazepam  66

dietary fiber  72

Dietary Reference Intakes  350

digital scale  21

Dilantin. See phenytoin

discriminative stimulus  102

Ditropan. See oxybutynin

diuretics  61, 65

Diuril. See thiazides

Docusate sodium  75

Doss  75

Down syndrome  33, 42, 77, 144, 319–326, 380

DRIs. See Dietary Reference Intakes

drug-nutrient interactions  178

dry mouth  62

Dulcolax  75

Dyrenium. See triamterene

E
eating disorders  150

E. coli 0157  82

efficiency of milk transfer  52

Elavil. See amitriptyline

ELBW. See extremely low birth weight

electrolytes  352, 371
imbalance  81, 352
loss of  81
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elemental formula  348

elimination diet  90

encopresis  71, 85

End Stage Renal Disease  215

enemas  72, 77

energy  351, 370
increase expenditure  177

energy needs  203
increased  153, 179

enteral feeding  86, 345

enteric adenovirus  82

environmental reinforcement  105

enzyme deficiency  86

epilepsy  247

epsom salts  75

erythropoiesis-stimulating agents  217

ESA’s. See erythropoiesis-stimulating agents

escape extinction  112

escape: the avoidance of a non-preferred task  106

ESRD. See End Stage Renal Disease

estimating fluid requirements  369

exercise-induced bronchospasm  41

Ex-Lax  75

exposure to sunlight  60

extremely low birth weight  165

F
failure to thrive  114, 149

organic or non-organic  151

family dynamic issues  113

fatty acid oxidation disorders  243

fecal soiling  72

feeding
adapted utensils  94
difficulties  93, 151, 166, 178
dysfunction

Quick Behavior Intervention Plan Checklist  117
evaluation  93
guidelines, infant  357
non-compliance  106
observation  153
proper positioning  94
relationship  149

specialized techniques  94
team  102, 104
tube  205, 348

clogged  366

fetal alcohol syndrome  383

fiber
estimating requirements
with increased fluid  73

supplemental products  73, 78

finger feeding  55, 96

fitness programs  43

Fleets enema  75

Fletcher’s Castoria  75

fluid  352, 369
estimating requirements  369
excessive loss of  72
loss of  81

fluid restriction  203

fluoxetine  66

folic acid  59
deficiency  60
supplementation  60

food intolerance  82, 139

food refusal
attention as reinforcer  105
behaviors  102
internal events as reinforcer  107
tangible reinforcement  106
typical reinforcers  114

force-feeding  106

formula  353, 386, 397
complete  354
diluted  83
elemental  354
homemade blenderized  348, 355
improper preparation  85
osmolality  353, 354
pediatric enteral  353
standard  353, 354
supplemental feeds  54
with added fiber  78

French unit  348

FTT. See failure to thrive

functional
activities  37
assessment  101, 108
limitations  37

furosemide  61, 65
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G
gagging  96

galactogogue  52, 54

galactosemia  53

gastric
distress  62
emptying  63

gastroenteritis  81

gastroenterologist  94

gastroesophageal reflux  63, 73, 93, 152, 153, 166, 
181, 204, 348, 365

gastrointestinal  166
mucosa, atrophy of  82
pain  107
x-rays  90

gastrostomy  122
feeding  359
tube  346, 349
tube feedings  180

gavage  122

gelatin  78

GER. See gastroesophageal reflux

GERD. See anti-gastroesphageal reflux disease; 
See gastroesophageal reflux disease

GFCF. See gluten-free/casein free diet

GFR. See glomerular filtration rate

Giardia  82

GI intolerances  65

glomerular filtration rate  216

glucocorticoids  62

gluten-free/casein-free diet  265

gluten-free diet  90

glycerin  76
suppositories  74

granulocyte colony stimulating factor  382

gravity drip  348

growth
charts

for premature infants  24
incremental  24

failure  149, 166
hormone  25
incremental  32
problems  151
rate of  16

velocity  24

H
hand-over-hand prompting  111

HBV. See high biological value

head circumference  13, 14, 281
interpretation of  15

heart rate  94

height
equipment for measurement  18
technique for measurement  18

HEP. See home exercise programs

high biological value  238

high fiber diet  72

high osmolarity liquids  74

hind milk  56

Hirschsprung’s disease  71, 77

HIV/AIDS  85

home exercise programs  43

hunger cues  152

hydration status  87, 239

hydrocephalus  14

Hydrocil  75

hydrocortisone  65

Hydrodiuril. See thiazides

Hydromox. See thiazides

Hygroton. See thiazides

hyperhomocysteinemia. See also folic acid

hypernatremia  84

hypersensitive responses  93

hypertension  41

hypertonia  71

hypoactive gag  104

hypoalbuminemia  66

hypoglycemia  248

hyponatremia  365

hypoplastic breast development  52

hypothyroidism  52

hypotonia  71
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I
ICF. See International Classification of Functioning, 

Disability and Health

IDEA. See Individuals with Disabilities Education 
Act

IEP. See individualized education plan

IFSP. See Individualized Family Service Plan

ileal resection  230

ileocecal valve  227

imipramine  66, 72

immobility  72

inborn errors of metabolism  53

incremental growth charts  283, 287

individualized education plan  3, 139, 363, 377

Individualized Family Service Plan  3, 139

Individuals with Disabilities Education Act  137

infant
feeding guidelines  357
formula  386, 397
length board  16

infection  81

inflammatory bowel disease  85, 129

infusion pump  348

insulin resistance  62

interactions between medications and vitamin and 
mineral supplements  59

interdisciplinary
approach  107
team  3, 153

internal events as reinforcers of food refusal  107

International Classification of Functioning, Disabil-
ity and Health  39, 40, 48

intervention plans  109

intraluminal pressure  75

intravenous (IV) lipids  370

intravenous rehydration  84

iron deficiency anemia  170

J
jejunal tube feeding  346

K
kangaroo care. See skin-to-skin care

KD. See Ketogenic Diet

Kefzol. See cefazolin

Ketogenic Diet  247, 250

ketosis  248

kidney disease, chronic  215, 219

knee height  31

L
lactase deficiency  90

temporary  83

lactation consultant  51

lactose-free diet  90

lactose-free formula  83

lactulose  74, 76

large residuals  365

Lasix. See furosemide

laxatives  72, 75

LBW. See low birth weight

leaky gut syndrome  265

length  16
equipment for measurement  16
technique for measurement  17

length board  31

lethargy  59

lifestyle physical activities  38

limiting sedentary behaviors  44

Lioresal. See baclofen

lipoid pneumonia  73

lipolysis  62

low birth weight  165

low birth weight premature growth percentiles  327

low milk supply. See also breast feeding

M
Magnesium Citrate  75

Magnesium Hydroxide  75

Magnesium Sulfate  75
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malnutrition
mild  26
moderate  26
severe  26

maple syrup urine disease  243, 245, 382

MCT. See medium chain triglycerides

meals, modified or special  138

measurement of head circumference  15

measuring techniques  14, 31

medication administration, timing of  59

Medication-Nutrient Interactions  59, 64

medications  59, 72, 86, 358

medium chain triglycerides  228, 397

mental depression  62

metabolic acidosis  217

metabolic disorders  237, 240, 245

Metamucil  75

Methylcellulose  75

methylphenidate  61, 64, 72

methylprednisolone  65

MIC-KEY® button  349

Micro-Lipid  397

mid-arm circumference  32

midparent height  25

mid-upper arm circumference  26
equipment and technique for measurement  28

milk  83

milk-based formulas  83

milk of magnesia  75

mineral oil  72, 73, 75

minerals  352, 371

Miralax  76

modeling  111

modular products  356

MSUD. See maple syrup urine disease

mucosal barrier  83

munching  96

muscle catabolism  65

muscle spasticity  42

musculoskeletal

complications  41
limitations  37

myelomeningocele  16, 71, 77

Mysoline. See primidone

N
Naqua. See thiazides

nasogastric  122

nasogastric or gastrostomy tube  94

nasogastric or gastrostomy tube feedings  53

nasogastric tube  345, 348

National Center on Physical Activity and Disability  
39

National Health and Nutrition Examination Survey  
23

National School Lunch Program  138

nausea  59
and vomiting  62, 364

negative reinforcement  106

Nellhaus head circumference percentiles  15

neural tube defects  381

neurodevelopmental  166

neurodevelopmental disorders  93

neurogenic bowel  71

neurological  153

neutral stimulus  102

NG. See nasogastric

NHANES III 1988-94. See National Health and 
Nutrition Examination Survey

nitrogen-free foods  238

nocturnal enuresis  62

Noonan syndrome  33

Norpramin. See desipramine

nortriptyline  66

nutrient deficits  82

nutrition
alternative interventions  265
assessment  2, 7
care process  1
intervention  3

for chronic kidney disease in children  219
for constipation  77
for oral-motor feeding problems  98
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risk indicators  4
screening  1, 4, 275, 277
therapy  154

O
obesity  40, 48, 49, 143

preventing  41

olecranon process  27

oliguria  82

operant conditioning  102

oral feeding
dysfunction  101
transition to  363

oral-motor feeding problems  93
nutrition interventions  98

oral rehydration  84, 87

oral rehydration solution (ORS)  84

organic acid disorders  242

ORS. See oral rehydration solution

osmolality  353, 354

osmotic diarrhea  84

osteomalacia  60

Outdoors for All  44

overweight  143

oxybutynin  67

P
pain management strategies  110

Pamelor. See nortriptyline

paralysis  72

parathyroid hormone  217

parental head circumferences  15

parent-child interaction  94, 152

parenteral nutrition  86, 369
associated liver disease  231
home  129

Pedialyte  84

pemoline  64

penicillin  66

Pervasive Developmental Disorder Not Otherwise 
Specified  263

phenobarbital  60, 64

phenylketonuria  240, 245, 381

phenytoin  60, 64, 72

physical activity  37, 39, 72
benefits of  40
decreased  72
play  38
screening questions about  46
structured  38
Surgeon General’s recommendation for  45

pica  8

PKU. See Phenylketonuria

PN. See parenteral nutrition

PNALD. See parenteral nutrition-associated liver 
disease

Polycarbophil  75

Polyethylene glycol  76

Prader-Willi syndrome  33, 143, 335–338, 380

prednisolone  65

prednisone  65

premature  150

premature infant  165

primidone  60, 64

proper positioning during feeding  94

protriptyline  66

Prozac. See fluoxetine

pseudomembranous colitis  85

psychotropic medications  61

Psyllium  75

PTH. See parathyroid hormone

pulmonary disease  191

pumps  349

R
ranitidine  67

recumbent length  16

reflexes  96

Rehabilitation Act of 1973  137

Rehydralyte  84

rehydration  82, 84
intravenous  84

renal  166
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respiratory  153, 166
disease  177
rate  94

Rett syndrome/disorder  263, 381

riboflavin  66

rickets  60

Ritalin. See methylphenidate; See methylphenidate 
HCI

Rocephin. See ceftriaxone

rooting  96

rotavirus  82

S
salmonella  82

SBS. See short bowel syndrome; See Short Bowel 
Syndrome

SCD. See Specific Carbohydrate Diet

School Breakfast Program  138

school nutrition programs
legislation  137

Section 504  137

seizure disorders  59, 247, 250, 381

selective serotonin reuptake inhibitors  62, 66

Senokot  75

sensory
evaluation  104
processing difficulties  104
responses  98

sertraline  66

Serum 25 (OH) vitamin D  64

serum albumin  66

Serum alkaline phosphatase  64

Serum calcium (Ca)  64

serum electrolyte values  85

Serum phosphorus (P)  64

SGA. See small for gestational age

Shigella  82

short bowel syndrome  85, 129, 166, 227, 232

sitting height  16, 19, 31

skinfold measurements  26

skin-to-skin care  53, 55

sleep apnea  41

small for gestational age  150, 165

SNS. See supplemental nursing system

Sodium Phosphate  75

sorbitol  74

spastic diplegic cerebral palsy  44

special diet  138

Special Olympics  40

Special Supplemental Nutrition Program for 
Women, Infants and Children  362

Specialty Growth Charts
achondroplasia  24
cerebral palsy  24
Down syndrome  24
Prader Willi syndrome  24
Turner syndrome  24
William’s syndrome  24

Specific Carbohydrate Diet  266

spina bifida  144

spinal cord anomalies  77

spironolactone  61, 65

sports  38

SSRIs. See selective serotonin reuptake inhibitors

stadiometer  31

standing height  16, 18

stature  13, 16

stimulant medications  61

stimulants  64

stool
cultures  90
frequency  71, 87
history  87
softeners  72, 77

Stool or ostomy output  234

Strattera. See automexetine

Subscapular skinfold  29
equipment and technique  29

sucking pattern. See also breast feeding

sucrase deficiency  90

sulfasalazine  62, 66, 86

supplemental nursing system  56. See also breast 
feeding

supplementary feeding  55
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suppositories  72, 77

Surmontil. See trimipramine

swallowing
dysfunction  93
function  98

sweat test  90

syringe bolus feeds  350

T
tactile sensitivity  93

tangible reinforcement of food refusal  106

tantrums  101

taste changes  62

TCAs. See tricyclic antidepressants

team approach  94

Tegretol. See carbamazepine

thiazides  65

tibia length  31

tizanidine  67

Tofranil. See imipramine

toileting
proper positioning  72
routine schedule  72

toilet training  72

tonic bite reflex  93

total parenteral nutrition  228, 231

TPN. See total parenteral nutrition

TPN-induced cholestasis  166

trace elements  371

triamcinolone acetonide  65

triamterene  65

triceps skinfold  26, 32, 299
equipment and technique for measurement  27

tricyclic antidepressants  62, 66

trimipramine  66

Trisomy 21  380

tube feeding  55, 121, 345, 364
syndrome  365

Turner syndrome  33, 380

Turner syndrome growth charts  339–340

typical reinforcers for eating or food refusal  114

Tyrosinemia  240, 245, 382

U
ulcerative colitis  85

ULs. See upper limits

underfeeding  72

UNICEF. See United Nations Children’s Fund

United Nations Children’s Fund  84

upper arm circumference  32, 300

upper arm fat area  301

upper arm length  31

upper arm muscle area  301

upper arm muscle circumference  300

upper limits  266

urea cycle disorders  240, 381

urinary tract infections  71

V
Valium. See diazepam

valproic acid  60, 61, 64

valproic acid-induced hepatotoxicity  61

valproic acid-induced hyperammonemia  61

vancomycin  66

very low birth weight  165

very low birthweight premature growth percentiles  
331

VFSS. See videofluoroscopic swallowing study

videofluoroscopic swallowing study (VFSS)  98

viscous feedings  348

vitamin B6  59

vitamin B12  59, 227

vitamin D  59, 64
deficiency  60
dietary intake of  60
supplement  51
toxicity  64

vitamin K  51
production  62

vitamins  352, 371

Vivactil. See protriptyline

VLBW. See very low birth weight
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Index

vomiting  59
self-induced  107

W
weight  21

equipment for measurement  21
“Ideal”  25
technique for measurement  22
training  43

weight-bearing activities  38

WHO. See World Health Organization

WIC. See Special Supplemental Nutrition Program 
for Women, Infants and Children

Williams Syndrome  33, 341–344, 380

World Health Organization  23, 84

Z
Zanaflex. See tizanidine

Zantac. See ranitidine

zinc deficiency  85

Zoloft. See sertraline
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